Habitat distribution and impacts of habitat disturbance on somatic and reproductive investments in the black-capped chickadee. by van Oort, Harry (author) et al.
HABITAT DISTRIBUTION AND IMPACTS OF HABITAT DISTURBANCE ON 
SOMATIC AND REPRODUCTIVE INVESTMENTS IN THE BLACK-CAPPED
CHICKADEE
by
Harry van Oort 
B.Sc., University of Victoria, 1999
THESIS SUBMITTED IN PARTIAL FULFILLMENT OF 
THE REQUIREMENTS FOR THE DEGREE OF 
MASTER OF SCIENCE
in
NATURAL RESOURCES AND ENVIRONMENTAL STUDIES
THE UNIVERSITY OF NORTHERN BRITISH COLUMBIA
May 2004
© Harry van Oort, 2004
1^1 Library and Archives Canada
Published Heritage 
Branch
395 Wellington Street 
Ottawa ON K1A0N4 
Canada
Bibliothèque et 
Archives Canada
Direction du 
Patrimoine de l'édition
395, rue Wellington 
Ottawa ON K1A0N4 
Canada
Your file Votre référence 
ISBN: 0-494-04692-9 
Our file Notre référence 
ISBN: 0-494-04692-9
NOTICE:
The author has granted a non­
exclusive license allowing Library 
and Archives Canada to reproduce, 
publish, archive, preserve, conserve, 
communicate to the public by 
telecommunication or on the Internet, 
loan, distribute and sell theses 
worldwide, for commercial or non­
commercial purposes, in microform, 
paper, electronic and/or any other 
formats.
AVIS:
L'auteur a accordé une licence non exclusive 
permettant à la Bibliothèque et Archives 
Canada de reproduire, publier, archiver, 
sauvegarder, conserver, transmettre au public 
par télécommunication ou par l'Internet, prêter, 
distribuer et vendre des thèses partout dans 
le monde, à des fins commerciales ou autres, 
sur support microforme, papier, électronique 
et/ou autres formats.
The author retains copyright 
ownership and moral rights in 
this thesis. Neither the thesis 
nor substantial extracts from it 
may be printed or otherwise 
reproduced without the author's 
permission.
L'auteur conserve la propriété du droit d'auteur 
et des droits moraux qui protège cette thèse.
Ni la thèse ni des extraits substantiels de 
celle-ci ne doivent être imprimés ou autrement 
reproduits sans son autorisation.
In compliance with the Canadian 
Privacy Act some supporting 
forms may have been removed 
from this thesis.
Conformément à la loi canadienne 
sur la protection de la vie privée, 
quelques formulaires secondaires 
ont été enlevés de cette thèse.
While these forms may be included 
in the document page count, 
their removal does not represent 
any loss of content from the 
thesis.
Canada
Bien que ces formulaires 
aient inclus dans la pagination, 
il n'y aura aucun contenu manquant.
ABSTRACT
The objectives o f this thesis were (1) to determine if  more suitable habitats are more 
likely to be settled by high-quality birds, and (2) to study the impacts o f local habitat 
heterogeneity on life-history traits of dominant and subordinate male black-capped
chickadees (Poecile atricapillus). The studies took place in a landscape with two habitats that 
differ in suitability; an Undisturbed mixed-forest habitat, and a Disturbed habitat 
characterised by young conifer plantations. Most of my results suggested that food is less 
abundant in the Disturbed site, making it locally poor habitat relative to that in the 
Undisturbed site. Natal nutrition did not seem to influence the probability of males settling in 
either habitat. In contrast, females settled in the Undisturbed habitat were more likely to have 
a history of better natal nutrition compared with females settled in the Disturbed habitat. 
Recruits to the Disturbed habitat carried larger fat stores suggesting that food is less 
dependable in this habitat. During the breeding season, hematocrit levels were elevated 
among dominant males, and there was a near-significant tendency for males living in the 
Disturbed habitat to have greater hematocrits. Male body condition was not affected by 
habitat, however, there were ac^ustments made to reproductive behaviours. Dominant males 
in the Disturbed habitat reduced levels of sexual advertisement in early spring, but 
maintained levels of paternal care later in the season. The opposite was true for subordinates. 
My findings suggest that in locally poor habitats, although dominant males are particularly 
good mates, the reliability of sexual advertisement is compromised. These results also 
support current theories that males adjust the many competing life-history demands on their 
energy budgets when resources become limiting.
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1. General Introduction
1. GENERAL INTRODUCTION
Reproductive success, and the resulting spread of genes, is governed by how well an 
individual performs within the environment in which it lives. Individuals who possess traits 
favourable to fitness within their environment will contribute disproportionately to the next 
generation, and their genes (and associated traits) should predominate in the region. Selective 
pressures may differ between regions, resulting in variation in morphology and/or behaviour 
among genetically separated populations.
Within populations, gene flow among habitats prevents the evolution of habitat- 
specific adaptations (Haldane 1956; Slatkin 1985). Consequently, individuals are likely to be 
adapted to habitats that have the greatest contribution to a population’s gene pool, regardless 
of which habitat they settled in. As such, individuals that live within uncommon, or low- 
quality habitats may be poorly adapted to their environment and behave maladaptively (e.g., 
mistimed reproduction -  Dias and Blondel 1996; maladaptive clutch size - Dhondt et al. 
1990).
Local habitat heterogeneity may, therefore, have considerable impact on an 
individual’s fitness. Individuals living in heterogeneous landscapes may use several 
strategies to deal with this problem. Avoidance o f such 'locally poor’ habitats may be one 
strategy. Once settled in a locally poor habitat, individuals could also make ac^ustments to 
costly investments which may, or may not, help them enhance their fitness in a habitat for 
which they are poorly adapted. This thesis explores habitat selection, and the effect o f habitat
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on costly traits o f phenotypic quality in a non-migratory, fbrest-generalist species, the black- 
capped chickadee (foeci/g airzcqpi/Zity).
1.1 Habitat selection
Habitat-selection theory attempts to understand how populations are partitioned 
among habitats. Traditionally, two models o f  habitat selection have been studied: the ideal 
free distribution and the ideal despotic distribution (Fretwell and Lucas 1970). The ideal &ee 
distribution suggests that densities among habitat patches are proportional to differences in 
relative habitat quality, effectively equalizing resource access among individuals and 
allowing them to achieve similar fitness, regardless o f habitat quality in which they settle. 
This model does not explain settlement patterns in most territorial songbird species, because 
reproduction is correlated with habitat quality in free-living populations (e.g., Andrén 1990; 
Mailer 1995; Riddington and Gosier 1995; Zanette et al. 2000; Suorsa et al. 2003). The ideal 
despotic distribution may be more applicable to explaining territorial settlement in songbirds. 
In this model, individuals may monopolize preferred habitats, thereby limiting densities in 
these habitats, and forcing other individuals to settle in less-suitable habitats (Fretwell and 
Lucas 1970). As such, the ideal despotic distribution predicts a positive relationship between 
reproductive success and habitat quality.
Habitat selection is especially well studied in migratory songbirds where breeding 
habitats are contested each season, and most studies support the ideal despotic distribution. 
For example, habitat settlement is assortative, whereby dominant individuals monopolize 
preferred habitats, gain an advantage in attracting mates and have greater reproductive 
success than subordinate males (Sherry and Holmes 1989; Hohnes et al. 1996; Petit and Petit
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1996; Huhta et al. 1998; Bayne and Hobson 2001). Consequently, productive habitats are 
sequestered by the most competitive phenotypes, and the high productivity in these habitats 
is probably a combination of habitat quality and the phenotypic quality o f the settling 
pair.
In non-migratory species, however, habitat selection is more ambiguous. In many 
resident songbird species, inexperienced juveniles disperse and select a permanent site of 
residence during the period of natal dispersal. Whether there is assortative settlement o f
habitats during natal dispersal in non-migratory songbirds is poorly understood. Natal 
dispersal begins shortly after independence, and lasts for only a couple o f weeks (e.g., Wiese 
and Meyer 1979). In titmice (Paridae), observed patterns o f dispersal behaviours have lead to 
the hypothesis that males disperse until they find a vacancy, whereas females disperse until 
they find a productive habitat (Greenwood et al. 1979; Nilsson 1989). Consequently, it is 
possible that among male Parids, habitat quality and individual quality are not coupled; high- 
quahty males could settle in low-quality habitats, and fitness may be less biased towards 
productive habitats.
Once settled, individuals living in locally poor habitats may experience an array o f  
challenges for which they are poorly adapted. In some traits, the ability to compensate in 
poor habitats may be genetically constrained. In Parids, individuals breeding in locally poor 
habitats produce maladaptive clutch sizes (Dhondt et al. 1990) and have mistimed 
reproduction relative to local peaks in prey abundance (Dias and Blondel 1996) suggesting 
that there is limited phenotypic plasticity in these traits. Nonetheless, individuals settled in 
locally poor habitats might be able to at^ust other costly traits/behaviours that are regulated 
by resource availability.
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1.2 Life-history traits and trade-offs
Life-histoiy theory is concerned with the allocation o f limited resources to traits and 
behaviours that promote fitness (Steams 1992). such as growth and self­
maintenance (for survival), and such as sexual advertisement and
the provisioning of young, are costly and limited by resource supply (Gadgil and Bossert 
1970; Steams 1992). Because resources are limited, trade-offs exist in resource allocation 
among competing life-history investments; for example, between reproductive effort and 
self-maintenance (Ots and Hôrak 1996; Spencer and Bryant 2002), between sexual 
advertisement and reproductive effort (Gustafsson et al. 1995; Griffith 2000), and also 
between sexual advertisement and body condition (Blount et al. 2003b; Faivre et al. 2003; 
McGraw and Ardia 2003; Kilpimaa et al. 2004). Consequently, investments in life-history 
traits such as self-maintenance, sexual advertisement, and reproductive effort may be 
affected by differences in resource supply associated with habitat quality.
The manner in which life-history traits are impacted by habitat quality is likely to be 
dependent on: (1) strategies o f priority, whereby one investment is favoured over another 
(Steams 1992; Spencer and Bryant 2002); and (2) phenotypic differences in energy 
requirements and resource-holding potential (see section 1.3 below). First, the way in which 
life-histoiy traits are prioritised is likely to depend on the life history o f a species (Steams 
1992). In songbirds, it is probable that somatic investments are prioritised over reproductive 
investments as songbirds can typically reproduce over several breeding seasons (pending 
survival), and tend to improve their reproductive performance with age. Notably, Spencer 
and Bryant (2002) demonstrated that bam swallows (Ffiruwfo n«iica) prioritise somatic
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investments in this way, because parental effort was reduced when the cost o f self­
maintenance was experimentally increased. Likewise, God&ey and Bryant (2000) found that 
European robins (jEnrAucit; ruhicuZa) decreased social behaviours, including song output, 
when their self-maintenance costs were increased, as the manipulated birds were preoccupied 
with foraging. These studies suggest that somatic investments are prioritised over both 
reproductive investments and sexual advertisement; however, this is not ubiquitous (Ots and 
Hôrak 1996). Nonetheless, it appears that resource allocation to life-history traits occurs in a 
prioritised fashion, where traits are not adjusted in parallel when food availability is lacking; 
rather, certain traits (such as sexual advertisement and parental care) can be abandoned to 
maintain adequate investments in other traits (such as body condition).
1.3 Individual differences - costs and benefits of social dominance
The fitness o f individuals is probably related to their energetic efficiency, that is, their 
ability to invest resources towards reproduction without affecting their survivorship; 
consequently, fitness depends on both the environment and their phenotype. Those with 
larger energy requirements may be especially disadvantaged in habitats where food is scarce 
(Qvamstrom and Forsgren 1998). Conversely, those that are more competitive may be able to 
buffer the effects o f poor habitat because they are better able to compete for scarce resources 
(Cairascal et al. 1998). Both high competitive ability and high energy budgets are associated 
with socially dominant males, which gives contrasting predictions o f the ability o f such birds 
to deal with stressful environments. Thus, it is unclear as to whether dominant males will 
have less energy to invest in reproduction and sexual advertisement in non-productive 
habitats due to their elevated costs o f self-maintenance (Qvamstrom and Forsgren 1998), or
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whether their superior competitive ability will enable them to secure sufficient resources to 
not only offset their high energy costs, but to also invest in other life-history traits, even if  
resource availability is somewhat diminished (e.g., Carrascal et al. 1998).
Socially dominant males are generally thought to have high phenotypic quality 
(Hogstad 1989; Qvamstrom and Forsgren 1998). Dominant males tend to be older (Hogstad 
1989; Smith 1991; H.v.O. unpublished data), which suggests higher survival ability. Once 
dominance is achieved, such males have access to the best resources in their home range. 
Such resource benefits include access to preferred foraging niches (both natural and artificial 
food sources - Ekman and Askenmo 1984; Desrocher 1989; Hogstad 1989; Ekman 1990), 
and preferred territories (Part and Qvamstrom 1997). Because dominant males apparently 
gain better access to food, it is not surprising that they often have better body condition than 
subordinates (Carrascal et al. 1998; Gosier and Carmthers 1999), which is reflected in their 
condition-dependent advertisement signals (e.g.. Otter et al. 1997; Part and Qvamstrom 
1997).
The ability o f dominants to achieve better condition, and allocate resources towards 
life-history traits, however, should be limited by the size o f the resource benefits they 
acquire. In some bird species, the resource benefits achieved by dominant males are offset by 
greater energy requirements (Roskaff et al. 1986; Hogstad 1987; Bryant and Newton 1994). 
In Parids, for example, dominant males have resting metabolic rates that are as much as 25 % 
greater than subordinates (Hogstad 1989). Consequently, it is possible that dominant males 
suffer relatively poor nutritional status if  they are not acquiring large enough resource 
benefits to offset their metabolic costs. Evidence that the cost o f dominance impacts nutrition 
was seen in European starlings vwZgurw) where dominant males were shown to have
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greater sensitivity to nutritional stress than subordinates (Swaddle and Witter 1994).
Recently, Hay et al. (2004) presented evidence that social dominance was negatively 
correlated with nutritional status during the winter, a time when food availability is relatively 
low. Hence, because dominant and subordinate males have different access to food and 
different metabolic needs, they are likely to have different sensitivities to levels o f  
environmental stress (e.g., Swaddle and Witter 1994), which could potentially result in a 
reversal o f nutritional condition achieved by dominant and subordinate males occupying non­
productive habitats.
If dominant and subordinate males have different sensitivities to habitat quality, local 
habitat heterogeneity could potentially have large consequences for the relative phenotypic 
quality o f dominant males (Qvamstrom and Forsgren 1998). The way in which habitat 
quality impacts the relative nutritional status o f dominants is likely to vary with the time of 
year (due to seasonal changes to energy budgets and resource abundance) and with how they 
prioritise allocation o f resources to life-history traits (Spencer and Bryant 2002).
The two primary objectives o f this thesis are (I) to determine how habitats are 
selected during natal dispersal, and (2) to study the resulting impacts o f local habitat 
heterogeneity on life-history traits (e.g., advertised and realized phenotypic quality) o f 
dominant and subordinate males.
1.4 Study Species
I studied the black-capped chickadee in this research. The black-capped chickadee is 
the most widespread titmouse species in North America and has a geographical range 
extending from central Alaska to central Utah, and &om the coast o f British Columbia to the
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eastern shores o f Newfoundland (Smith 1991). Black-capped chickadees are associated with 
deciduous or mixed forests, which in British Columbia includes alder sp.), trembling 
aspen (fopwZu.; fremw/ozffey), birch (BemZu spp.), black cottonwood (fopw/w.; 
and willow spp.)(Campbell et al. 1997). This bird species is abundant throughout 
much o f its range and can often be found occupying locally poor habitats (Smith 1991; Fort 
and Otter in press).
Black-capped chickadees are non-migratory throughout their range (Smith 1991). 
During winter, they forage in flocks comprised of two or more mated pairs. Their winter diet 
includes insects, animal fat, berries and seeds, and they rely heavily on hoarding food in 
many hidden caches (Smith 1991). In spring, they become territorial, and subdivide flock 
home-ranges among breeding pairs (Smith 1991). During the fertile period when females are 
laying, males partake in the dawn chorus, which is generally believed to function as a forum 
for sexual advertisement (Otter and Ratcliffe 1993; Otter et al. 1997). Although chickadees 
are socially monogamous, they have high rates o f extra-pair paternity (Otter et al. 1998). 
Females apparently instigate extra-pair copulations (Smith 1988) and target males with 
higher phenotypic quality than their mate (Otter et al. 1998), which is partially ascertained by 
comparing their vocal signals (Mennill et al. 2002). While laying eggs, females continuously 
utter begging calls during the day to which their mates respond by bringing large arthropod 
food items (Smith 1991). Once the clutch is complete, females alone incubate the eggs and 
are provisioned with food delivered by males. Nestlings are fed by both members o f the pair, 
but the male is responsible for most o f the provisioning when nestlings are young and 
females spend considerable amounts o f time brooding (Smith 1991; Chapter 4).
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Black-capped chickadees are synchronous breeders and are single-brooded. Nestlings 
fledge when approximately 16-days old, and fledglings become independent in two to four 
weeks (Smith 1991). Once independent, juveniles undergo natal dispersal, which lasts for 
only 'a few weeks' (Weise and Meyer 1979). Dispersal distances have been recorded to 
range hrom 0.4 to 11.2 km, with a median distance o f 1.1 km; once settled, recruits develop 
strong site fidelity that usually lasts throughout the remainder of their lives (Weise and 
Meyer 1979; Smith 1991).
Newly recruited juveniles usually become subordinate members o f a flock headed by 
an experienced dominant male (Hogstad 1989; Smith 1991; H.v.O. personal observation). 
Dominant males forage in the most profitable microhabitats, and offer protection from 
nonspecific interference to their mates, who therefore also gain access to preferred foraging 
sites (Desrocher 1989; Ekman 1990; Hogstad 1992). Dominant males typically have greater 
survivorship (Welling et al. 1997), greater sexual advertisement (Otter et al. 1997), are 
selected as extra-pair sires (Otter et al. 1998), and have greater within-pair reproductive 
success (Otter et al. 1999; Fort and Otter in press). Hence, dominant males generally seem to 
have greater phenotypic quality in this species compared with subordinate males.
1.5 Study site
This research took place in the forests surrounding the University o f  Northern British 
Columbia at Prince George. The 200 ha study site (Figure 1.1) is situated on an elevated 
bench (Cranbrook Hill). Approximately half o f the study site is comprised o f mature mixed 
forest dominated by trembling aspen, paper birch (5. pqpyrz/gra), hybrid white spruce (ficea  
g/aucn X g/ige/maM/zn) and lodgepole pine (fm i^  conforfa var /afÿôfra), while subalpine fir
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Wzoca/pa), Douglas-Gr TMgmzz&yz^  and black cottonwood (fopuZity
baZ^ WMz/èra var Zafi/bZza) are also common (canopy height -2 5  m). Throughout this thesis, I 
refer to this mature, mixed-fbrest habitat as 'Undisturbed'. The habitat in the remaining 
portions o f the study site has been highly altered: first by agricultural clearing, and then by 
managed forestry practices. This 'Disturbed' habitat was deforested during the 1960's and 
1970's and today is a patchwork o f various young regenerating forests including several 
lodgepole pine plantations (1.5 to 11.3 ha) interspersed among natural re-generation o f alder 
and willow (canopy height 5-25 m). The Disturbed habitat includes several small fragments 
(<4 ha each) of mature forest that together comprise less than 10 % of the total area. In this 
thesis, the terms ‘Undisturbed’ and ‘Disturbed’ are used specifically to denote the habitat 
patches in the UNBC study site.
m
Figure 1.1 Aerial photograph of the UNBC study site ( -  200 ha) showing the distribution o f 
habitats. Undisturbed habitat is outlined in alternating black/white; Disturbed habitat is 
outlined in black.
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The chickadee population in the study site has been colour-banded and monitored 
since 2000. Population densities appear to be similar in both Disturbed and Undisturbed 
habitats (Fort 2002; personal observation). Early work at this study site found that nesting 
success was lower in the Disturbed habitat, especially among subordinate pairs (Fort and 
Otter in press). In that study, the leading cause o f nest failure was nest abandonment early in 
the breeding season. Because canopy volume is reduced in the Disturbed habitat, it was 
suggested that food abundance might be lacking in this habitat. Recent research supports this 
idea: systematic observations during the winter found that chickadees living in the Disturbed 
habitat showed significantly greater use o f temporary feeders upon discovery (Appendix 1). 
Winter food abundance may impact birds at other times o f the year. First, winter food 
abundance is known to have downstream effects on reproductive behaviour (Smith et al. 
1980). Second, winter food abundance may correlate with summer food abundance, as the 
primary food items (folivorous insects in the summer; and insects hibernating under bark, 
and seeds in the winter) are associated with tree volume (Smith 1991; Fort 2002), and the 
forest structure differs between habitats. Evidence that differences in food supply persist at 
least into the laying period come &om studies monitoring female solicitation calls during the 
nesting period; females in the Disturbed habitat beg for food at different rates than those in 
the Undisturbed habitat (H.v.O. and K.A. Otter, unpublished data) a behaviour known to 
correlate with immediate hunger in other species (Tobias and Seddon 2002). Other lines o f  
evidence suggesting low food abundance in the Disturbed habitat are given in the research 
articles included in this thesis.
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1.6 Outline of thesis research articles
This thesis contains three original research articles. In the fbUowing section, I give a 
brief description o f the specific problems tackled in these.
7.6.7 TVotnf MwtrzhoM aw7 tAe AaAzfat o/ywvg»z7e 5/ucA-c(^e<7 cA!cAa<7eef.
To compare how organisms respond in different environments in the Geld, it is 
necessary to assess how they select habitat. If there is assortative settlement among habitat
types based on phenotypic quality, then comparisons o f differences in reproductive and 
advertisement behaviours between habitats become complicated by associated differences in 
phenotypic quality. Habitat selection is known to conform to the ideal despotic distribution in 
migratory songbirds, however, in resident species such as chickadees, the primary habitat 
selection occurs during natal dispersal. It is unknown if  juvenile chickadees compete for 
preferred habitats. In Chapter 2 ,1 assess the importance o f natal condition -  an index of 
phenotypic quality prior to dispersal, in determining which individuals settle in Disturbed 
and Undisturbed habitats. In addition, I assess their physical attributes to look for habitat- 
induced changes to their body condition during their first winter in either habitat.
7.6.2 AzAztat gwnZzry tAe reZiaAzZfry a  con(7z6on-(7gpem7e/zr .yzgnuZ ZM A7acA-cqppez7 
cAzcAade&y.
Many species have evolved mate-choice signals that are costly to produce or 
maintain. As sexual advertisement is costly, expression o f these signals is typically state- 
dependent. Optimal levels of costly advertisement may be controlled by the opposing 
pressures of natural and sexual selection. Levels o f  advertisement may be reduced in locally
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poor habitats where resources are scarce. Such habitat effects may impact the 'normal' 
functioning o f sexual advertisement, especially if  dominant and subordinate males show 
different sensitivities to habitat quality. In Chapter 3 ,1 compare levels o f sexual 
advertisement for dominant and subordinate male chickadees breeding in Disturbed and 
Undisturbed habitats.
7.6.3 TAzbffat Aay Ziff/g on coWifzon Area/mg male but
affects provisioning benefits associated with dominance.
In socially monogamous species with bi-parental care, males provide important direct 
fitness benefits by provisioning food to nestlings. Dominant males may be able to provide 
larger provisioning benefits to their mates because they have access to better resources, and 
are generally in better condition. The ability o f socially dominant males to offer such 
benefits, however, may erode in locally poor habitats due to diminished resource benefits and 
the energetic costs associated with dominance. The way in which habitats affect male quality 
also depends on how the birds allocate resources to self-maintenance versus reproduction. In 
Chapter 4 ,1 document the patterns o f paternal care (provisioning trips to nestlings) and 
physiological state (body condition and hematocrit) during the nestling period, for dominant 
and subordinate male chickadees breeding in Disturbed and Undisturbed habitats.
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2. NATAL NUTRITION AND THE HABITAT DISTRIBUTION OF JUVENILE BLACK-
CAPPED CHICKADEES
ABSTRACT. Habitat selection is poorly understood in non-migratory birds who permanently 
settle following natal dispersal. In this study, I test a fundamental prediction o f despotic
habitat distribution in a non-migratory passerine bird: the tendency for superior phenotypes 
to settle in superior habitats. I compared the past natal nutrition o f newly recruited black- 
capped chickadees settled among habitats that differ in suitability. Natal nutrition was 
measured by the size o f the growth bars in tail feathers o f birds in their first winter of life. 
There was a positive correlation between body condition of individuals at time o f capture and 
width of growth bars, supporting the idea that natal nutrition impacts future phenotypic 
quality. I did not, however, find any indication that natal nutrition altered the probability of 
juvenile males settling in either of two adjacent habitats, despite evidence that suggests one 
to be of poorer quality than the other. Females, on the other hand, were more likely to settle 
in the Undisturbed habitat if  they had a history of good natal nutrition. Once settled, recruits 
to the relatively poor Disturbed habitat carried larger fat stores suggesting that they perceived 
food to be less available compared with those recruited in the Undisturbed habitat. Body 
condition did not appear to be affected by habitat. Hence, females, but not males, tended to 
select local habitats where they perceived food to be more available. These findings are 
consistent with an untested hypothesis generated fiom studies o f  dispersal in Parids, that 
females are more selective than males.
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2.1 Introduction
To maximize fitness, animals are expected to select the highest quality habitat among 
those available. There are two alternate models o f habitat selection outlined by Fretwell and 
Lucas (1970). The ideal 6 ee distribution suggests that individuals are free to settle across 
habitats in a manner that results in equal distribution o f resources, so that individuals' fitness 
levels are independent o f habitat quality. By contrast, the ideal despotic distribution suggests 
that preferred habitats are secured by dominant individuals, preventing access by less 
competitive individuals who must instead settle in poor habitats.
The ideal despotic distribution appears to be a good model for predicting habitat 
selection in territorial songbirds because (1) individuals differ in resource-holding potential 
and restrict habitat settlement of competitors (e.g., Krebs 1971; Sherry and Holmes 1989), 
and (2) reproductive parameters, such as nestling nutrition or reproductive success, often 
difkr among habitats (e.g., Andrén 1990; Riddington and Gosier 1995; Zanette et al. 2000; 
Suorsa et al. 2003). The coupling of phenotypic quality with habitat quality predicted by the 
ideal despotic distribution can be difficult to assess, however, because a similar association 
can arise if  occupancy o f a good quality habitat elevates an individual's condition (and 
apparent quality) post-settlement. This issue is less o f a logistical problem when studying 
migrant songbirds because such species must simultaneously compete for breeding habitats 
each year and the sequential settlement o f different-quality habitats can be tracked to the start 
of the breeding season. Many studies o f migrant songbirds suggest that the most competitive 
individuals secure preferred habitats, exclude less competitive individuals, and therefore 
offer strong support for the ideal despotic distribution (e.g.. Sherry and Holmes 1989;
Holmes et al. 1996; Petit and Petit 1996; Huhta et al. 1998; Bayne and Hobson 2001).
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It is less clear how habitat selection occurs in non-migratory songbird species, such as 
titmice (Paridae), that show strong site fidelity. In such species, habitat quality can impact 
reproductive success (e.g., Andrén 1990; Riddington and Gosier 1995; Fort and Otter in 
press), suggesting that habitat settlement may follow the despotic model (Andrén 1990); 
however, the principal selection o f habitats by non-migratory species often occurs when 
yearlings undergo natal dispersal: a time when individuals possess low competitive abilities 
(Hogstad 1989). Furthermore, in many non-migratory species, there is a limited array of 
habitats to select from later in life (post-dispersal) because individuals do not move far from 
a location once settled (e.g., Weise and Meyer 1979); if  so, initial habitat settlement at the 
time o f natal dispersal might be highly relevant to their lifetime fitness. Consequently, there 
may be some level o f competition among dispersing juveniles to settle in preferred habitats; 
yet, there is currently a lack o f studies addressing how habitat selection occurs during natal 
dispersal (but see Verhulst et al. 1997; Ekman et al. 2001).
In addition to the competitive ability, habitat settlement may differ among sexes. In 
Parids, males and females show remarkably different dispersal behaviours. Females typically 
disperse farther than males (Greenwood et al. 1979; Robbins et al. 1986; Nilsson 1989; 
Matthysen et al. 2001). Furthermore, males increase dispersal distances when population 
densities are high, and when they are late dispersing; while the opposite is true on both 
accounts for females (Greenwood et al. 1979; Nilsson 1989). A hypothesized explanation for 
these observations is that males take the first vacancy that they find while females are more 
selective in their choice (Greenwood et al. 1979; Nilsson 1989). Consequently, in 
heterogeneous environments, females may compete for preferred local habitats, leading to 
despotic habitat distribution; whereas males compete to settle quickly into available openings
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with less regard for habitat qnahty. Whether these differences in dispersal behaviours 
between sexes have consequences for habitat settlement awaits confirmation.
In this study, I examined the relationship between pre-settlement phenotypic quality 
o f male and female yearling black-capped chickadees, and their probability of settling in two 
habitats that differ in quality. As a measure o f phenotypic quality prior to dispersal, I used an 
index o f natal nutrition. Early nutrition has long-lasting effects on future phenotypic quality; 
for example, poor nutrition during early stages o f growth can have impacts on survival 
(Merila et al. 1999) and future levels of sexual advertisement (Nowicki et al. 2000; Ohlsson 
et al. 2002; Blount et al. 2003a; Buchanan et al. 2003; Spencer et al. 2003). Individuals that 
experience poor nutrition early in life are likely to be at a disadvantage during natal dispersal 
if  competing for preferred habitats. I measured the natal nutritional status o f recruits 
retroactively by measuring records o f feather growth rate (Grubb 1995). I assessed whether 
natal nutrition is a relevant measure o f phenotypic quality by looking at the relationship 
between natal growth-bars and post-settlement condition at the time o f capture. I then 
examined whether pre-settlement nutrition influenced settlement patterns with respect to 
habitat quality.
2.2 Materials and Methods
2.2.7
During January and February o f 2002 and 2 003 ,1 captured chickadees at seven to 
nine seasonally permanent feeding stations located around the study site. Feeders were 
stocked with black-oil sunflower seeds during (and restricted to) the capture period. Capture 
sessions rotated around these feeding stations in a systematic order and took place between
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0800 hrs and 1500 hrs. I trapped intensively until I had caught most o f the birds living in the 
study site. This was conGrmed in the breeding season when very few territories were 
occupied by unmarked birds (n = 4 out o f 74 breeding birds 2002; n = 7 out o f 94 in 2003). 
Upon capture, yearling recruits were identiGed by wear patterns on their tail feathers (Meigs 
et al. 1983). Individual birds were colour-marked with leg bands for future idenGGcaGon. 
Only data taken at Grst capture were used. The two outer tail feathers (L6  and R6 ) were 
removed and stored in coin envelopes. In addiGon, I measured several body measures 
including mass (to nearest 0.1 g), Gattened wing chord (to nearest 0.5 mm), tail length (to 
nearest 0.5 mm), and tarsus length (to nearest 0.1 mm). To decrease measurement error, the 
average of three tarsus measurements was taken at first capture, which gave high 
repeatability (estimated using recapture records; Fn, 2 -  40.15, repeatability = 0.95; Lessels 
and Boag 1987). The sex was determined by body measurements (approximately 90% 
accurate; Desrocher 1990); sex designaGons were also confirmed by behavioural 
observations during the breeding season. Furcular fat stores were visually scored using a six- 
point scale (after Gosier 1996) where no visible fat deposit in the furcular pit scores zero, and 
a full pit that is bulging with fat scores Gve. Supplemental food was administered in both 
habitats throughout all winter captures, making habitat comparisons o f body condiGon 
conservaGve. All measurements were done by the same person.
2.2.2 /ire- amf /lOft-jefr/eiMent
Growth o f tails in first-winter birds begins in the nest and is completed approximately 
at the time o f independence -  chickadees do not moult their tail feathers unGl aAer their Grst 
breeding season (Pyle 1997). This moult schedule was supported by the regular occurrence
18
2. Habitat Selection
of fault bars (developmental defects seen in feather vanes; Bortolotti et al. 2002) extending 
across the entire suite o f  tail feathers in yearling recruits (H.v.O. personal observation), 
which suggests that their tail feathers grew simultaneously (as a nestling) unlike moulted tail 
feathers (Pyle 1997). Thus, size of the growth bars in tail feathers, which is positively 
associated with nutrition (Grubb 1995), should reflect nutritional status o f the birds during 
time spent in the nest and during post-fledge dependence on parental feeding. As the width o f  
the growth bars will be associated with nutrition o f the young in their natal nests, I refer to 
this measure simply as "natal nutrition" 6 om here on.
Tail feathers collected from recruits were mounted on black construction paper cards 
using a small strip o f cellophane tape over the proximal portion o f the vane. Growth bars 
were marked on the card by poking holes through the feather vane with a thin pin into the 
mounting card. Eight to ten growth bars, centred at two thirds along the feather from the 
proximal end, were measured with callipers off the marked mounting card to calculate an 
average growth bar size (after Grubb 1989). In nine cases, growth bar data could not be 
estimated due to indistinct growth bars or naturally missing tail feathers. Because I collected 
left and right tail feathers for most birds, I averaged the growth bar measures taken 6 om each 
feather when two feathers were available.
Because tail feathers were observed to occasionally be missing or in the process o f re­
growing, I was concerned that a proportion o f the collected tail feathers were not grown as 
nestlings. Replacement feathers could be separated however, because they have smaller 
growth bars than those found on original feathers, as is normally the case with replacement 
feathers (e.g., Grubb 1989,1991; Hogstad 1992). To screen for replacement feathers, 1 
assumed that the true distribution o f original growth bars is normally distributed, and 1
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removed all data that fell below two standard deviations below the mean (with s.d. and mean 
calculated &om the entire data set). While the removal o f  replacement feathers would 
improve the reliability o f these tests by reducing measurement error, inadvertent removal o f 
original feathers would decrease the power o f the test. Consequently this screening should 
decrease measurement error, but possibly make the test more conservative.
I estimated body condition at the time o f capture using residuals saved 6 om a 
multiple regression that included body mass as a dependent variable, and with * tarsus' and 
‘fat’ as continuous predictors. Fat was included because it is generally associated with 
limited access to food resources in Parids, and can therefore make weight a less reliable 
measure o f body condition (Gosier 1995). Although some o f the residual scatter around the 
linear regression line results from measurement error, the residuals also contain variation 
resulting from individual differences in body condition (for details and discussion of this 
technique, see Merila et al. 1999). As chickadees show a linear and continuous gradation of 
body sizes across sexes, I pooled all recruits for this regression, allowing for a larger sample 
size in estimating the morphometric relationship between mass, fat, and body size.
2.2.3 Determmmg Auhfrat occupancy
To determine which habitat birds were settled in, I mapped out locations of 
individuals and their flocks over several observations. I relied on several sources of 
information including lists o f birds found at feeders and systematic playback surveys using 
the 'chickadee' calls. By combining all locations where individuals/flocks were seen, I 
acquired a good knowledge of flock membership and distribution. Most individuals/flocks 
could easily be assigned to one habitat or another; however, 31 individuals were excluded
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&om analysis, either because they were regularly seen in both habitats or, more commonly, 
because I had insufGcient data to assess which habitat they had settled in. These missing 
cases probably do not bias the conclusions, as many o f these birds were likely to be floaters 
(unsettled birds) or visiting birds settled outside the study site (Smith 1991).
2.2.^
To assess the importance o f natal nutrition as an index o f initial (pre-settlement) 
phenotypic quality, I tested the relationship between this variable and body condition at the
time of capture (residual mass). For this test, I used a general linear model, with ‘body 
condition’ as the dependent variable, ‘year’ and ‘sex’ as categorical predictors, and with 
‘natal nutrition’ as a continuous predictor. Interaction terms were sequentially removed in 
order of non-significance, beginning with the highest order interaction term, and ending with 
main effects.
Logistic regression (Tabachnick and Fidell 2000) was used to test the probability o f  
settling in either the Disturbed or Undisturbed sites based on the size o f growth bars and 
structural body size. As with the previously discussed analysis, I sequentially removed terms 
6 om the model that were not significant. Because I had a p n on  reasons for suspecting 
different patterns o f settlement among sexes, males and females were tested separately.
In other analyses, single factor analysis o f variance (ANOVA; Zar 1999) were used 
to test for differences in means among levels o f categorical factors (e.g., habitat), and linear 
regressions were used to test relationships between two continuous variables where the 
magnitude o f one variable was thought to depend on the magnitude o f another (Zar 1999). To 
control for a covariate (e.g., time), analysis o f covariance was used (ANCOVA; Tabachnick
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and Fidell 2000). All probability vaines are two-tailed, and all statistical procedures were run 
with SYSTAT 9.0 (SPSS Inc. Chicago, IL).
2.3 Results
2.3.7 fre-aeA/ement concfitioM
In 2002 and 2003,1 captured a total o f 67 and 51 recruits respectively. Growth bars 
had a skewed distribution ranging &om 1.5 nun to 2.9 nun in size (mean = 2.45, s.d. = 0.242, 
n =  183, skewness = -1.52, Kolmogorov-Smimov d = 0.154, P  < 0.01), with 94.5 % of the 
measured growth bars being larger than 1.97 mm. The removed data had a similar range in 
growth bar widths (1.5 to <1.97) to a sample measured from 14 known replacement feathers 
grown after the original was collected (1.53 to 1.95). After, removing the probable 
replacement feathers and averaging the remaining paired data (within individuals), the 
distribution became normal (mean = 2.49, s.d. = 0.19, n = 103, skewness = -0.44, K.-S d = 
0.096, P > 0.20). Among recruits, growth-bar size was not significantly associated with 
tarsus length indicating that this measure of natal nutrition is relatively independent of 
skeletal size (linear regression: = 0.004, f  i, io6 = 0.42, f  = 0.52).
To estimate body condition, residuals were saved from a multiple regression o f mass 
on tarsus length that controlled for fat stores (multiple = 0.48, F], loo = 14.7, F  < 0.0005). 
The residuals (body condition) were analysed with a general linear model testing for the 
relationship between natal nutrition and body condition at the time of capture. All interaction 
terms, and year were removed from the model as they did not significantly explain variation 
in body condition. Males were in better condition than females (Fi, ^  =  16.9, F  < 0.0005);
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after controlling for sex, natal nutrition was a significant predictor o f condition at the time of 
capture (Fi, gg = 1 0 .8 , F  = 0 .0 0 1 ).
Among males, there was no indication that their natal nutrition altered the probability 
o f settling in either Disturbed or Undisturbed habitat. A logistic regression including tarsus 
length and natal nutrition did not significantly predict settlement o f males among habitats (%^ 
= 0.23, d.f. = 1, F  = 0.89). This result did not change when either natal nutrition (%^ = 0.86, 
d.f. = 1, F  = 0.35), or tarsus (%^ = 0.064, d.f. = 1, F  = 0.80, Figure 2.1a) was removed from 
the equation. In the logistic regression for females, however, there was a trend for recruits 
with a history of poor natal nutrition to settle in the Disturbed habitat (n = 41, = 4.53, d.f.
-  1, F  -  0.081). Tarsus did not appear to be predictive in this model (t-ratio = 0.66, P  -  
0.51), while natal nutrition approached significance (t-ratio = 1.75, F  = 0.08). Tarsus was 
removed, and the resulting model had a significantly better fit to the data compared with the 
constant-only model (n = 41,%  ^= 4.09, d.f. = 1, F  = 0.043, Fig. 2.1b), although the strength 
of association was weak (McFadden’s rho-squared = 0.074).
2.3.2 FOiïMeff/emgMt /àttenmg
Sex did not have an effect on fat stores (one-way ANOVA: Fi, loi = 0.17, F =  0.68). 
Likewise, fat stores were not different across years (Fi, lo, = 0.72, F  = 0.40), however, fat 
scores did increase during the day with capture time (linear regression; r^  = 0.18, Fi, gg=
22.3, F  < 0.0001). Consequently, when I analysed the effect o f habitat on the size o f fat 
stores carried by newly caught recruits, I controlled for time of capture statistically by 
including time o f day as a covariate. To test the assumption o f homogeneity of regression, I 
first ran an ANCOVA model that included a habitat by time interaction term (Tabachnick 
and Fidell 2001). The interaction term between time and habitat was not significant (Fi ,73 =
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0.99, f  = 0.46) and was dropped &om the model. After controlling for time of capture, 
recruits that settled in the Disturbed habitat had significantly higher fat reserves than recruits 
that settled in the Undisturbed habitat 8.1, f  = 0.006, Figure 2.2). Recruits in either
habitat did not show large differences in winter body condition. Only 'sex' was a significant 
predictor o f body condition = 24.3; f  < 0.0001), while 'year', 'habitat' and all
interaction terms were not significant (all f  > 0.14).
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Figure 2.1 Results &om two logistic regressions that test how growth bar size (natal 
nutrition) influences the probability o f (a) male and (b) female recruits settling in 
Undisturbed habitat (1) versus Disturbed habitat (0). Data are plotted to show the distribution 
of growth bars sizes seen among recruits in either habitat. The non-significant probability 
curve in plot 'a' is shown for illustrative purposes.
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Figure 2.2 The effect o f habitat on the size o f fat stores carried by recruits during their first 
winter. Mean (± SE) furcular fat scores adjusted for the time of capture are shown.
2.4 Discussion
I demonstrated that natal nutrition was associated with future body condition during 
winter. The relationship between natal nutrition and first winter condition detected in this 
study suggests that natal nutrition has impacts on future phenotypic quality, as has been 
shown in several recent studies (Merila et al. 1999; Nowicki et al. 2000; Ohlsson et al. 2002; 
Blount et al. 2003; Buchanan et al. 2003; Spencer et al. 2003). Consequently, it is probable 
that natal nutrition is a functional index o f pre-settlement phenotypic quality, and is 
associated with the condition o f individuals during natal dispersal.
There are few studies that address habitat selection during natal dispersal, yet for 
many species, the primary decisions o f habitat settlement are made at this time. In black- 
capped chickadees, habitat quality has impacts to their reproduction (Fort and Otter in press).
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suggesting that habitat selection is more likely to conform to the ideal despotic distribution 
rather than the ideal &ee distribution (Fretwell and Lucas 1970). An important prediction of 
the ideal despotic distribution is that preferred habitats are occupied by individuals with 
superior phenotypic quality. Using growth bars as an index o f natal nutrition, I found 
evidence that such assortative habitat settlement is more likely to occur among females than 
males.
The ability to search and compete for preferable habitats is probably affected by body 
condition. Individuals in good condition may have greater freedom to explore landscapes, 
and may also have greater resource-holding potential. Consequently, if  habitat settlement is 
competitive among dispersing juveniles, high-quality habitat patches should contain recruits 
that were raised with relatively better nutrition. Accordingly, I found that for females, the 
probability o f settling in the Undisturbed habitat depended on natal nutrition; however, there 
was no indication o f such condition-dependent habitat selection seen among males.
Because natal nutrition can be aSected by habitat quality (e.g., Riddington and Gosier
1995) high levels o f local recruitment could lead to the pattern seen among females in this 
study. It is therefore possible, but unlikely, that local recruitment, where juveniles do not 
disperse outside o f their natal habitats, might account for these results. In the UNBC study 
site, habitat patches are adjacent and relatively small compared with dispersal distances of 
chickadees (see Chapter 1). Consequently, emigration/immigration rates are probably high. 
This is suggested by banding records &om the UNBC study site: after banding 375 nestlings 
over four years (2000-2003), only 15 banded recruits have been documented (H.v.O. and 
K.A. Otter, unpublished data as o f March 2004). Hence, levels o f recruitment 6 om the study 
site appear to be low, which is consistent with reports ûom various other study sites
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(reviewed in Smith 1991). Moreover, female black-capped chickadees, like other Parids, are 
known to disperse farther than males (Robbins et al. 1986); consequently, if  local recruitment 
had impacted my results, males would be more likely than females to show an association 
between natal nutrition and habitat quality. Hence it is unlikely that the results I obtained are 
an artefact o f birds raised in the same habitat patch within which they settled.
It is more likely that the sex differences observed arise from different habitat 
selection strategies used by male and female chickadees during natal dispersal. Previous 
studies suggested that males Parids take the first available vacancy, while females, who cover 
more ground during natal dispersal, are more selective in their choice o f  where to settle 
(Greenwood et al. 1979; Nilsson 1989). As such, any evidence of juvenile competition for 
habitats differing in quality should occur between females, as males compete for early 
settlement rather than selecting among habitats. My results concur with this prediction 
because I found evidence o f condition-dependent habitat settlement in females but not in 
males. Consequently, this study suggests that habitat settlement o f dispersing females 
proceeds in an assortative way, as predicted by the ideal despotic distribution (Fretwell and 
Lucas 1970). In contrast, and counter to predictions o f the ideal despotic distribution, there is 
no association between initial male quality and habitat quality. Males, however, are impacted 
by the habitats within which they settle (Fort and Otter in press; Chapters 3 and 4), which 
also contrasts with predictions 6 om the Ideal Free Distribution (Fretwell and Lucas 1970). 
Therefore, male chickadees do not seem to fit either o f the Fretwell-Lucas models in their 
settlement patterns during natal dispersal.
In theory, larger individuals could have a competitive advantage in fighting over 
resources, resulting in larger birds being more likely to settle in preferred habitats. Although
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habitat-size associations bave been documented in Parids (Ulfstrand et al. 1981; Lemel 1989) 
this is not ubiquitous (e.g., Riddington and Gosier 1995). Furthermore Lemel (1989) found 
little evidence that dominance was linked to body size, making such habitat-size associations 
difBcult to interpret. Dominance is not well associated with structural size in the UNBC 
population even though dominant males are heavier for their size (Chapter 4). Hence, the use 
o f structural size is probably not a very powerfiil method for assessing despotic habitat 
settlement patterns among Parids. Consequently, it is not overly surprising that I found no 
indication that either males or females who settled in the Undisturbed habitat were larger 
than those who settled in the Disturbed habitat.
Once settled, new recruits may experience different living conditions depending on 
the habitat in which they have settled. In this study, tests o f post-settlement habitat effects 
were conservative because supplemental food was supplied during capture sessions. 
Nonetheless, recruits in the Disturbed habitat were found to carry larger fat stores. Fat stores 
are not necessarily indicative of condition in Parids (Gosier 1996). In extreme cases, reduced 
fat can be seen among individuals in poor condition because individuals suffering from 
severe malnutrition are unlikely to carry large fat stores. As such, my results could 
potentially be explained by recruits in the Undisturbed habitat suffering from severe 
malnutrition; however, this is unlikely to be the case for several reasons: ( 1 ) it is unlikely that 
food is lacking in the Undisturbed habitat because this habitat is a better breeding 
environment for chickadees (Fort and Otter in press); (2) I found no difference in the body 
condition o f birds settled in either habitat, suggesting that birds living in the Undisturbed 
habitat are not suffering from severe malnutrition; and (3) differences in feeder-use among 
habitats (Appendix 1) suggest that food is less abundant in the Disturbed habitat. Hence, it is
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unlikely that the differences in fat stores seen among recruits in either habitat are explained 
by low food abundance in the Undisturbed habitat.
It is more likely that the observed differences reflect different fat storage strategies 
employed by recruits in either habitat. Although carrying fat stores may reduce the risk o f  
starvation; in birds, it is also costly to carry fat since the additional weight interferes with 
their flight performance (Krams 2002). Consequently, there is a trade-off between the risk o f 
starvation and the risk of predation (Lima 1986). Hence, birds that have unpredictable or 
scarce food supplies tend to carry larger fat stores than those with better access to food 
(Ekman and Lilliendahl 1993; Bednekoff and Krebs 1995; Witter and Swaddle 1995; Gosier
1996). Also, birds living under greater predator pressure carry reduced fat stores (Krams
2000). The difference in fat stores seen between habitats is most likely a reflection of 
differences in either food abundance or predator pressure arnong habitats. Although there has 
been no systematic survey o f predator abundance in either habitat, incidental observations of 
avian predators (e.g., northern pygmy owls, Glaucidium gnoma. Merlins, Falco columbarius, 
and forest hawks, Accipiter sp.) have been equally distributed across both habitats (H.v.O. 
and K.A. Otter personal observations). In contrast, the differences in fieeder-use which 
suggest that food is lacking in the Disturbed habitat are consistent with these observed 
patterns o f fat stores seen among recruits in either habitat (Appendix 1). Hence, these results 
are most likely to reflect differences in the perception o f food availability.
Because feeders were present throughout the capture periods in this study, the true 
extent to which habitats impose impacts to body condition may be masked. Although I found 
that recruits in either habitat had similar body condition, further studies in the absence o f  
food supplementation would be beneficial.
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The results o f this study, that males are not selective while females are, suggest that 
most differences in male performance found between habitats are probably the direct 
influence o f the habitat in which males are settled, and less likely to be the result o f selective 
recruitment. When assessing habitat related differences among females however, my results 
suggest that a portion o f the differences observed can probably be attributed to differences in 
female phenotypes prior to their dispersal.
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3 . HABITAT QUALITY AFFECTS THE RELIABILITY OF A CONDITION-DEPENDENT
SIGNAL IN BLACK-CAPPED CHICKADEES
ABSTRACT. Conditional handicap models o f sexual selection predict that the expression of 
mate-choice signals honestly reveal information about the signaller's state, indicating the
potential of the signaller to provide fitness benefits as a mate. Habitat quality, however, will 
also affect state-dependent behaviours. As such, different habitats may alter the absolute 
expression o f condition-dependent signals, with reduced expression in locally poor habitats. 
Yet it is not clear whether this also affects the reliability of the signals; i.e., whether high- 
quality males still have relatively higher trait expression in poor environments. Using black- 
capped chickadees (Poecile atricapillus) as a model species, I examined the expression o f a 
condition-dependent signal, song output in the dawn chorus, among dominant and 
subordinate males across two habitats that differ in suitability. Song output was lower in 
Disturbed habitat; however, this divergence was driven largely by dominant birds in each 
habitat. Very little habitat eflect was seen among subordinate males. This suggests that 
dominant males may be more sensitive to differences in habitat quality in their signals, which 
contrasts with patterns o f nesting success, causing the reliability o f condition-dependent 
signals to be questionable in poor habitats.
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3.1 Introduction
Conditional handicap models o f sexual selection predict that the expression of mate- 
choice signals honestly reveal information about the signaller's physical state (Zahavi 1975; 
Kodric-Brown and Brown 1984; Nur and Hasson 1984; Grafen 1990). If increased signal 
expression is costly, only individuals that readily meet the energetic requirements o f self­
maintenance can afford large investments in the expression o f the signal (Zahavi 1975). In 
populations that use condition-dependent signals in mate choice, greater expression of such 
traits is expected to indicate the intrinsic quality of the signaller, a point that continues to be 
well supported by many empirical studies (see review in Kotiaho 2000).
In addition to the intrinsic quality o f the signaller, the expression o f condition- 
dependent signals is also influenced by extrinsic factors such as habitat quality (Hill 1995). 
Among songbirds, food availability can strongly affect song output (Reid 1987; Alatalo et al. 
1990; Thomas 1999), and alter plumage ornamentation (Hill 2000). As such, variation in 
resource availability among habitats that differ in quality is likely to influence the ability of 
males to express condition-dependent signals at a regional scale. Hill (1995) suggested that 
condition-dependent traits could be used as indicators o f environmental quality and reviewed 
evidence of this process at a time when very little information was available; since then, 
several studies have found further support for habitat-induced signal expression. Most 
notably, Eeva et al. (1998) showed that the expression o f carotenoid-dependent plumage 
signals is depressed when great tit (fa n t; ma/or) nestlings were raised in close proximity to 
an industrial source o f pollution associated with low food abundance. Horak et al. (2000, 
2 0 0 1 ) also found that the expression o f carotenoid plumage ornaments showed regional 
variation according to differences in habitat quality. Hence, habitat quality appears to create
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different contexts o f signal expression; males living within poor habitats may have low signal 
expression, while those living in more favourable habitats have greater expression. 
Consequently, variation in signal expression can be attributed to differences in environmental 
quality (among habitats), as well as phenotypic quality o f individuals (within habitats) 
suggested above.
It is poorly understood, however, how the effects o f habitat and phenotypic quality 
interact in &ee-living populations. Specifically, it is unclear how the extrinsic effect o f
habitat quality alters the reliability o f condition-dependent signals as indicators of male 
phenotypic quality. It is important to determine whether relative signal expression among 
males who differ in phenotypic quality is conserved within habitats, even if  overall 
expression o f the trait within the population is depressed, as lost reliability will diminish the 
strength of selection on female preferences. Badyaev and Hill (2002) found that carotenoid 
ornamentation in experienced male house finches {Carpodacus mexicanus) was not an honest 
indicator of parental quality in a Montana population with highly variable signals, which 
contrasted with findings from relatively bright eastern populations. Such regional variation in 
honest advertisement has a great potential to alter patterns o f sexual selection, yet, there is 
very little understanding o f such processes.
The issue o f how signal reliability is affected by habitat quality is especially pertinent 
in species where social dominance is equated with phenotypic quality, as there are good 
reasons to suspect that dominant and subordinate males have different sensitivities to habitat 
quality. Predictions o f how dominant and subordinate phenotypes respond in different 
habitats are difficult to make for natural populations, however, as many factors may affect 
the energetic costs and benefits associated with achieving dominant status. Dominant males
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have access to better foraging sites and therefore receive some level o f resource beneGt 
(Desrocher 1989). Yet this is balanced by increased metabolic costs associated with being 
dominant in social hierarchies (Roskaft et al. 1986; Hogstad 1987). This energetic cost has 
been demonstrated in a captive study, where dominant starlings vuZgurü) showed
greater sensitivity to nutritional stress when housed separately (Swaddle and Witter 1994). In 
high-quality habitat, the costs associated with dominance appear to be oflset by the ability to 
access resources, but this cost-benefit ratio may change if  habitat quality varies. In habitats 
that are sufficiently poor, dominants may pay high individual costs to secure access to the 
best resources in an impoverished environment (Qvamstrom and Forsgren 1998), and their 
reduced condition may become evident in the expression of condition-dependent signals 
relative to subordinate males in the same habitat. Yet if  dominant individuals still provide 
greater reproductive benefits to their mates in these habitats by either securing the best 
available territories or providing more parental eSbrt, signal expression becomes unreliable, 
because the signal value does not accurately advertise the direct benefits that they can offer 
females. Alternately, dominants may eliminate subordinate access to the remaining pockets 
o f adequate forage, leaving subordinates with disproportionately poor nutrition (e.g.,
Carascal et al. 1998). Consequently, signal rehability in this context could potentially be 
enhanced in poor environments where dominants are easily discerned 6 om subordinates.
As a first step towards understanding regional variation in signal reliability, I looked 
at signalling of dominant and subordinate male black-capped chickadees in two habitats that 
differ in suitabihty (see Chapters 1 and 2). By studying a labile signal, song output during the 
dawn chorus, I was able to assess levels o f advertisement generated during the fertile period, 
when female mating decisions are influence by singing activity (Mennill et al. 2 0 0 2 ).
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Previously work has suggested that the dawn chorus in black-capped chickadees serves as a 
forum for male advertisement (Otter and Ratcliffe 1993; Otter et al. 1997). During this 
period, breeding males sing long bouts o f continuous 'fee bee' songs close to the nest site at 
dawn (Otter et al. 1997). This dawn chorus signal often lasts over 45 minutes. Song output at 
dawn is associated with paternal care and survival in the willow tit (fonty ;
Welling et al. 1997), and social rank in the black-capped chickadee (Otter et al. 1997). 
Accordingly, chorus output peaks during the fertile period (Welling et al. 1995). Song 
production in the Carolina chickadee {Poecile carolinensis) is positively associated with 
male body mass at dawn indicating that this activity is state-dependent (Lucas et al. 1999). 
Consequently it is thought that the dawn chorus is an intersexual, condition-dependent signal 
o f male quality that can be used by females to compare male quality in a communication 
network (Otter and Ratcliffe 1993).
In the Disturbed habitat (Chapter 1), chickadees appear to perceive reduced food 
availability in the Disturbed habitat (Chapter 2; Appendix 1) which should register in their 
state-dependent signals. Furthermore, females mated to dominant males have 
disproportionately greater reproductive success relative to those mated to subordinates in the 
Disturbed habitat (Fort and Otter in press). Therefore, if  signals are to remain honest 
indicators o f phenotypic quality, a larger disparity in signal expression between social ranks 
will be seen in the Disturbed habitat, with a greater eSect o f habitat quality seen among 
subordinates.
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3.2 Methods
This study took place over three years (2000-2002) at the UNBC study site. Each 
year, individuals were captured and marked as described in section 2.2.1. As flocks broke up 
in April, territories were mapped out daily by following pairs, and noting locations o f nest 
excavation and territorial disputes with neighbouring males. In most cases, territories were 
clearly in one habitat or another. For each breeding pair, I classified territories as occurring 
in either Undisturbed or Disturbed habitat if  at least 80% o f the territory fell into one o f the 
two habitats. Territories for which such a distinction could not be made were omitted from 
this study.
3.2.1 Dominance Observations
Within-flock dominance relationships were determined each winter (January to 
March) by observing dyadic interactions at feeding stations supplied with black-oil 
sunflower seeds. Aggressive interactions were recorded, tallied, and used to determine the 
relative dominance between flock members (see Otter et al. 1997). Flocks were typically 
composed of only two pairs and males could usually be classified simply as 'dominant ' or 
'subordinate'. Intermediate ranks from larger flocks, or individuals without dominance 
information, were not included in this study.
3.2.3 Dmm cAorwj
Feeders were removed in early March leaving at least a month o f winter conditions 
prior to the start o f  breeding activity; thus any effects o f supplemental feeding on singing 
performance were likely to be minimized. I began recording dawn song bouts between 26
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April and 3 May each year, during the later stages o f nest excavation. No recordings were 
made after clutch completion. Thus the data reflect male advertisement levels during the 
period o f female fertility. They also reflects a period o f probable limited resource availability 
to males, as the female fertile period in the UNBC study population occurs several weeks 
prior to bud-burst, when Lepidopteran insect prey become abundant (Hunter and Elkinton 
2000).
A total o f two to four birds were recorded each morning, distributed among each 
habitat and rank class where possible. Recordings of individual males during the dawn 
chorus were made using Marantz PMD430 audiocassette recorders in conjunction with one 
of the following directional microphones: a Sennheiser ME 67 with a K6 power supply, a 
Sennheiser MKH 70 with a MZA14 power supply, or an Audiotechnica ATB-815a. 
Recordings began from the first song of the day and continued until the chorus finished; the 
chorus was deemed to have ended when males did not sing for at least five consecutive 
minutes (after Otter et al. 1997).
I digitised and analysed recordings with Avisoft SASlab Pro, version 3.8 (R. Specht, 
Germany). Once digitised, the entire dawn chorus recording was subdivided into consecutive 
one-minute intervals. Three output variables were extracted: average song rate (average 
number o f songs per minute), maximum rate (greatest number o f songs in a minute during 
the chorus), and total number of songs in the chorus. Birds that did not sing, or with 
incomplete recordings, and recordings of birds o f uncertain identity were excluded from 
analysis. For seven subjects, more than one recording was available across years; for these 
cases I randomly selected one recording for inclusion in the analysis.
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3 . 2 . ^
Thirty-one males were included in the analysis (11, 7, and 13, respectively 6om  
2000,2001 and 2003), and these were distributed evenly across factor cells 
(Undisturbed/Dominant, n = 9; Undisturbed/Subordinate, n = 7; Disturbed/Dominant n = 8;
Disturbed/Subordinate n = 7). The range o f sample dates was similar for all groups o f males. 
Using this data set, I collapsed the three dawn chorus output variables into a single output
variable (PC 1 scores) using a principal components analysis (Tabachnick and Fidell 2001). 
The PC 1 scores were analysed using SYSTAT analysis of covariance (ANCOVA; SPSS Inc. 
1998): PC 1 scores were entered as the dependent variable, ‘year’, ‘rank’ and ‘habitat’ were 
entered as categorical predictors, with Julian date entered as a continuous predictor, and this 
initial model included all possible interaction terms. Non-significant interaction terms and 
main effects were sequentially deleted (see Chapter 2 for details).
3.3 Results
Mean song output was lower in the Disturbed habitat compared with those in the 
Undisturbed habitat in all three measures: number o f songs sung, maximum song rate, and 
average song rate (Table 3.1). On average, dominant males in the Undisturbed habitat sang 
the greatest number of songs, sang at greatest average rate, and also sang at the greatest 
maximum rate compared with all other groups o f males; in contrast, dominant males in the 
Disturbed habitat produced the lowest average number o f songs, and had the lowest 
maximum song rate average. Only minor differences were seen among subordinates across 
habitats, which sang at intermediate levels (Table 3.1). Thus it appeared that dominant males
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showed excessive sensitivity to habitat disturbance in their advertisement signals. This 
pattern was tested by analysing PC 1 scores.
Table 3.1 Means (± SE) o f three song output variables (number o f songs, average song rate, 
maximum song rate) between dominant (Dom.) and subordinate (Sub.) males living in the 
Undisturbed and Disturbed habitats. Rates are given in songs per minute.
Undisturbed habitat Disturbed habitat
Dom. Sub. Total Dom. Sub. Total
n 9 7 16 8 7 15
Number 457+44 375+50 421+34 287+47 370+50 326+35
Average 13.8+0.92 12.6+1.1 13.3+0.68 11.2+0.98 10.9+0.1 11.0+0.70
Maximum 20.4+0.99 18.9+1.1 19.8+0.76 17.5+1.1 19.6+1.1 18.5+0.78
Average song rate, maximum rate, and total number of songs, all loaded strongly and 
positively into the first component (+0.85, +0.85, and +0.73 respectively; Eigenvalue =
1.98), which explained 66 % o f the total variation in chorus output. Therefore, the first 
component (PC 1) was a reliable index o f song output (Jackson 1993), where high scores 
indicate large output. The final model was a two-factor ANCOVA (Tabachnick and Fidell
2001) that included 'habitat', 'rank', and a 'habitat by rank' interaction term, in addition to 
date as a covariate (F4;z6 = 11.47, f  = 0.01; Table 3.2). When considering all males, song 
output (PCI) was significantly reduced among birds that were settled in the Disturbed habitat 
(date-a(^usted mean PCI scores + SE: Undisturbed 0.37 + 0.21; Disturbed -0.42 + 0.22), and
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a significant interaction between habitat and rank was interpreted as high-ranking males 
having greater sensitivity to differences in habitat quality (Table 3.2; Figure 3.1).
Table 3.2 Results 6 om an ANCOVA used to assess the effects o f two factors, habitat quality 
and social rank, while controlling for date (covariate), on song output (PCI) during the dawn 
chorus.
Source d.f. SS F P
Habitat 1 4.773 6.697 0.016
Rank 1 0.056 0.078 0.782
Habitat-rank interaction 1 3.71 5.201 0.031
Date 1 4.67 6.549 0.017
Error 26 18.5
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Figure 3.1 The interactive effects o f habitat (# Undisturbed; o Disturbed) and dominance on 
mean (± SE) song output (PCI) factor scores after controlling for date. Large PCI scores 
indicate greater song output.
3.4 Discussion
Conditional-handicap models suggest that signals o f phenotypic quality should be 
costly to produce or maintain, making the expression o f such signals state-dependent (Zahavi 
1975). As the energetic state o f individuals may be affected by habitat quality, the expression 
of such signals should be depressed in poor environments (Hill 1995); however, it is poorly
41
3. Sexual Advertisement
known how such habitat effects alters the ability o f females to compare male quality. In this 
study, I compared the signals o f dominant and subordinate males among two habitats thought 
to differ in quality, and show that dominant males were more sensitive to habitat quality, 
suggesting that signal reliability can be lost in locally poor habitats.
In the UNBC study site, habitat disturbance is associated with reduced nesting 
success, suggesting that the Disturbed habitat is inferior to the Undisturbed habitat (Fort and 
Otter in press). Furthermore, birds wintering in the Disturbed habitats carry larger fat 
reserves than birds wintering in Undisturbed habitats (Chapter 2), and fat deposition is 
known to increase in Parids when they perceive unpredictable access to food (Ekman and 
Lilliendahl 1993; Gosier 1996), which is also reflected in their response to feeders (Appendix
1). Consequently, nutrition appears to be less dependable in the Disturbed habitat, which 
should be reflected in the expression of condition-dependent signals (Hill 1995; McGregor et 
al. 2 0 0 0 ).
As predicted, an overall reduction in dawn chorus output was found in chickadees 
inhabiting the Disturbed habitat. Thus, my data support the idea that the expression o f  
condition-dependent signals is indicative o f habitat quality (Hill 1995; McGregor et al.
2000). This effect has been reported before in traits such as plumage ornaments (Hill 1995; 
Eeva et al. 1989; Hôrak et al. 2001); however, the effect o f habitat-induced shifts to overall 
signalling on signal honesty has been largely unexplored.
I used social dominance in winter as a measure o f phenotypic quality, which is 
apparently valid in both habitats. Only subordinate males show reduced nesting success as a 
result of habitat disturbance (Fort and Otter in press) suggesting that in terms o f productivity, 
subordinates are more sensitive to habitat quality in the UNBC study site. Hence, dominant
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males would appear to be the superior phenotype in the Disturbed habitat, which, according 
to conditional handicap models, should be advertised honestly through costly signals (Zahavi 
1975). In contrast, I found that dominant males in the Disturbed habitat signalled at levels 
that tended to be lower than their neighbouring subordinates. As the pattern of song output in 
the Disturbed habitat does not appear to mirror overall reproductive success between males 
of different social rank, signalling in the chorus appears to be unreliable in this habitat. This 
suggests that the ability o f females to use such signals for mate assessment, and thus the 
potential strength of sexual selection, may change among environments differing in quality.
Signal reliability may be lost in resource-poor environments for several reasons. First, 
dominant males may have different sensitivities to habitat quality compared with 
subordinates simply because their greater resource-holding potential comes with larger 
energy requirements, as outlined in the Introduction. Assuming that patterns o f signal 
expression are strictly a reflection of condition, my results suggest that the cost/benefit of 
social dominance is greatly altered by habitat quality in early spring.
Resource benefits accrued through social dominance appear to exceed the energetic 
costs o f dominance in the (species-typical) Undisturbed habitat, as high-ranking males in 
these habitats generally sing at higher rates than subordinates. This trend agrees with the 
pattern in song output observed in another study that also took place in mature woodlands 
(Otter et al. 1997), and fits well with models o f sexual selection (e.g., Zahavi 1975). In 
Disturbed habitat, however, song output by dominant males was depressed to unusually low 
levels suggesting that during the fertile period, these males were not obtaining resource 
benefits large enough to offset the cost o f their dominant status. My findings fit with those 
hrom a study on European starlings where dominant birds showed greater sensitivity to food
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stress as measured by levels o f fluctuating asymmetry (Swaddle and Witter 1994). Other 
processes, however, may contribute to the large reduction o f signals by dominants in the 
Disturbed habitat.
The pattern I observed could also be explained by mechanisms that do not imply 
dominants in the Disturbed habitat are relatively stressed. One possibility is that in resource- 
poor environments, natural selection selects against males who are predisposed to allocating
resources to costly advertisement. As a consequence o f this process, males who tend to 
reduce advertisement in the Disturbed habitat may have enhanced survivorship making them 
more likely to achieve a position o f social dominance. In large tracts o f poor habitat, this 
would lead to a population with reduced dawn chorus signals in both dominants and 
subordinates. In the UNBC study site, however, the areas o f habitat disturbance are small 
relative to dispersal distances (Chapter 2), facilitating genetic mixing between habitats. Thus, 
given the lack of isolation, it is possible that new, low-ranking recruits settle in the Disturbed 
habitat, some o f which are genetically predisposed to chorusing at high levels compared with 
the resident dominant males, which have survived as a result o f their low advertisement 
levels.
Alternately, dominants in poor habitats might reduce signalling as a strategy to save 
resources for within-pair reproduction (Badyaev and Hill 2002). Chickadees are socially 
monogamous, and males are heavily involved with within-pair reproductive activities (Smith 
1991). Several reasons /nigAt promote a low signalling strategy in a resource-poor 
environment. Dominants, being older and more experienced (Hogstad 1989), may have 
learned to reduce signalling effort in order to maintain adequate effort towards within-pair 
reproduction (i.e., to aid in egg production by provisioning females with food during the
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remainder o f the day). It is also possible that the benehts o f advertisement are absent in poor 
habitats causing dominant males to forgo advertisement as a strategy to improve fitness. This 
may seem likely, as low-ranking females have reduced probability o f successful reproduction 
in disturbed habitats (Fort and Otter in press), and tend to be o f lower quality than females 
recruited in the Undisturbed habitat (Chapter 2); therefore, females mated to low-ranking 
males may not be worth advertising to as extra-pair partners. The above explanations 
involving a male strategy are difficult to accept, however. The dawn chorus is a signalling 
network and evidence suggests that females may use the output of males during the chorus in 
mate choice decisions (Otter and Ratcliffe 1996). Dominant males who opt to reduce song 
output may lose paternity if  their vocal signals are perceived as low quality compared with 
their neighbours (Mermill et al. 2002). Although densities appear to be slightly reduced in the 
Disturbed habitat, multiple males are usually audible (Hansen 2003). Therefore, low 
signalling effort would not make a viable strategy for improving fitness for dominant males 
unless subordinates are signalling at lower rates as well. A strategic decision to reduce output 
would be adaptive if  ( 1 ) females abort extra-pair matings in locally poor habitats, or (2 ) 
males increase levels o f (effective) mate guarding.
Either way, my data suggest that signalling may be constrained in poor habitats, such 
that it no longer reliably reflects the intrinsic status of males. Song output during the dawn 
chorus was depressed in a locally poor habitat where reproductive success is reduced, and 
where birds maintain larger fat stores. This Gnding supports conditional handicap models o f  
sexual selection, and illustrates how signalling contexts differ among environments. More 
importantly, dominant and subordinate males diSered in their sensitivity to habitat quality. 
Interestingly, dominant males were more sensitive to reduced habitat quality, suggesting that
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honesty o f dawn chorus signalling is less reliable in poor quality environments. Future 
studies should establish how the energetic cost/benefit o f dominance is altered by changing 
conditions during the fertile period. Also, studies are needed to address the idea that natural 
selection operates on the predisposition to advertise with costly signals. The idea that 
dominant males strategically reduce advertisement in favour o f within-pair reproductive 
investments would be worthwhile to investigate; in particular, it would be necessary to 
determine how dominant males avoid being cuckolded. Finally, because the reliability o f  
signals is dependent on habitat quality, I expect that habitat has impacts on the behaviour of 
receivers. Such impacts of lost signal reliability may include maladaptive extra-pair matings 
or a reduction in the frequency o f extra-pair paternity.
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4 . HABITAT QUALITY HAS LITTLE EFFECT ON BODY CONDITION OF BREEDING 
MALE CHICKADEES, BUT AFFECTS PROVISIONING BENEFITS ASSOCIATED WITH
DOMINANCE
ABSTRACT. Patemal-care behaviours, such as provisioning food to nestlings, are 
limited by energy budgets. Consequently, the provisioning effort o f males may vary with 
phenotypic differences in both resource-holding potential and cost o f self-maintenance, in 
addition to the availability of resources in the environment. Socially dominant males have 
larger costs of self-maintenance, but also acquire resource benefits. The relative provisioning 
benefit associated with being mated to socially dominant males is likely to differ among 
habitats causing potentially large differences to their relative quality as mates. I assessed 
patterns of body condition and provisioning quality o f dominant and subordinate male black- 
capped chickadees breeding in two habitats differing in quality. Although not quite 
significant, males breeding in the poor habitat tended to have raised hematocrits suggesting 
that they experienced larger workloads. Males were o f  similar body size and condition in 
both habitats. A habitat-rank interaction showed that there were larger provisioning benefits 
associated with dominant males in the locally poor habitat, where only subordinates tended 
to reduce provisioning rates in the poor habitat. These results suggest that dominant males 
are particularly good mates in locally poor habitats.
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4.1 Introduction
Females birds often receive direct fitness benefits by selecting males who provide 
superior paternal care (e.g., Badyaev and Hill 2002; Voltura et al. 2002). The ability o f males 
to provide such benefits is constrained by their energy budgets (Gadgil and Bossert 1970; 
Steams 1992). Consequently, variation in the quality o f paternal care dehvered by social 
mates can partially be explained by phenotypic differences in both resource holding potential 
and cost o f self-maintenance, in addition to the availability o f resources in their environment. 
In songbirds, the resource-holding potential (competitive ability) of males may affect their 
ability to provision young. Socially dominant males have better access to resources including 
winter foraging sites and better territories (Desrocher 1989; Sherry and Holmes 1989; Ficken 
et al. 1990; Part 2001). Social dominance tends to be sexually selected, and has been 
associated with reproductive benefits, including enhanced paternal care and reproductive 
success (Otter et al. 1998,1999; Qvamstrôm et al. 2000; Part 2001; Voltura et al. 2002). As 
such, male contribution in species with bi-parental care may be greater among dominant 
males (e.g., Qvamstrôm et al. 2000), simply because they have access to more resources and 
are in better condition (e.g.. Part 2001). However, the ubiquity o f this idea has recently been 
challenged as several studies have shown reduced paternal care associated with social 
dominance (Qvamstrôm and Forsgren 1998). One possible reason for such discrepancies is 
that the phenotypic quality o f dominant males is disproportionately impacted by habitat 
quality compared with subordinates.
The direct beneûts associated with being a dominant male are likely to vary when 
they receive different energetic proGts for their social status, which in turn, is likely to vary 
with habitat quality. Dominant males have higher costs associated with self-maintenance
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than subordinate males, largely as a result o f higher metabolism (Hogstad 1987; Roskaft et 
al. 1986). Oxygen consumption by dominant male Parids is known to be as much as 25% 
greater that that o f subordinates (Hogstad 1989), and due to increased metabolism, dominant 
males may require larger food intake in the course o f a day. This latter idea is supported by a 
negative relationship between social dominance and sensitivity to nutritional stress (Swaddle 
and Witter 1994). Providing resources are generally available in the habitat, dominant 
individuals will have a selective advantage, but if  habitat quality is poor and resources are 
limiting, the energy gained from priority access to resources may not offset the high 
metabolic costs o f dominance.
If dominant males suffer disproportionately in poor environments compared to 
subordinates, then they may have relatively poor phenotypic quality (as mates) in these 
situations. Qvamstrôm and Forsgren (1998) suggested that dominant males might be more 
susceptible to starvation in resource-poor habitats due to their increased energy demands. 
Depending on how they allocate resources (Spencer and Bryant 2002), however, dominant 
males may instead provide fewer provisioning benefits if  they need to spend relatively more 
time foraging for self-maintenance compared with subordinates. Hence, the physiological 
cost o f dominance could impact either their body condition or their reproductive investments, 
either of which could render them undesirable as mates.
Alternately, it is possible that the resources monopolized by dominant males, have 
disproportionate intacts compared to subordinates in poor habitats. In poor habitats, 
dominant males may acquire larger territories containing rare pockets o f preferred habitat, 
causing an increase to the relative cost o f subordination. In this case, dominant males may be 
better able to buffer the impact o f a poor habitat compared to subordinates who obtain the
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poorest territories in an already resource-depauperate landscape. Hence, it is also possible 
that dominants are better suited to living in resource-poor environments (e.g., Carascal et al. 
1998).
It is, therefore, possible that both the cost of subordination (low resource availability), 
and the cost o f dominance (high resource requirements) vary with habitat quality, with 
resulting impacts on the relative benefit o f being mated to dominant males. The primary aim 
of this study was to assess how the provisioning benefits associated with dominance are 
affected by habitat quality. I investigated the patterns o f reproductive effort and body 
condition among breeding dominant and subordinate black-capped chickadees nesting in 
Disturbed or Undisturbed habitat. Several lines o f evidence suggest that the Disturbed habitat 
has low food availability (Chapter 1); we can now add to these differences in fattening 
strategies (Chapter 2) and differences in the expression of condition-dependent signals 
(Chapter 3). In the present study, provisioning effort was indexed by counting male feeding 
trips to the cavity during the first six days o f nestling care, when the proportion of 
provisioning trips made by males is greatest (Smith 1991). Body condition was assessed by 
measuring their relative mass (corrected for size) during the nestling period. I also measured 
hematocrit levels to compare the metabolic workloads (Carpenter 1973; Saino et al. 1997a, 
1997b).
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4.2 Methods
For this study, males were initially trapped and marked as described in Section 2.2.1, 
and the classiGcation of male rank and territory habitat proceeded as described in SecGon 
3.2.
4.2.7 MaZe
Male provisioning observations were made in the breeding seasons of 2001 and 2003. 
Nests were typically located during the period of nest excavation, and the progression 
through the nesting cycle was monitored. When females are laying, pairs are highly 
conspicuous as females beg for food continuously during the day (Smith 1991). As the laying 
period progressed, territories were checked every second day to get an estimate of when 
females initiated incubation. Chickadee incubation period is approximately 12-13 days 
(Smith 1991). Nest monitoring commenced two days prior to the predicted hatch day. Nests 
were checked every second day until evidence of hatching was documented, occasionally 
through direct observation into the nest cavity, but primarily by noting behavioural changes 
in the parents. Prior to hatching, males typically deliver food items to females at low rates o f  
one to three trips per hour. Behavioural evidence o f hatching was determined by (1) male 
delivery rates increasing to more than three food deliveries per hour, (2 ) males entering the 
cavity with food, or (3) either parent removing fecal sacs. The reliability o f hatch day 
esGmates appeared to be acceptable, as judged by nestling development when the nests were 
accessed for banding nestlings six to ten days later.
To invesGgate male provisioning rates, nests were observed for two one-hour 
observaGon periods. ObservaGons were limited to two hours in order to maximize the
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number o f territories that could be visited. Chickadees are relatively synchronous in their 
breeding activities, so it was logistically difficult to conduct more extensive observations 
throughout the nesting period without sacriGcing sample size. All observers were 
experienced at reading leg bands. During nest watches, the observer was posiGoned far 
enough G"om the cavity to avoid disrupting chickadee behaviour (>10m). The Grst one-hour 
observation took place when nestlings were three days old and the second took place when 
they were six days old. During nest observations, all feeding trips made by the male, and all 
the trips by the female were counted. Chickadees often build nest cavities well above the 
ground in the upper canopy, which can occasionally make nest observations difficult. 
However, parent identification could readily be determined, and in most cases it was possible 
to see whether food items were delivered to the nest. Males were never observed entering the 
cavity without food, and it was assumed that all male visits to the cavity were feeding events. 
Trips were also noted for females, however, these data are less reliable as females were often 
seen returning to the cavity without food items. Hence, I did not directly analyse female 
provisioning rates in this study; despite this, the number of feeding trips made by the male 
were compared with the total number o f visits made by the female (regardless o f whether she 
had food or not) as a conservaGve esGmate o f the relaGve contribuGon of male provisioning 
in this species. For the main analysis o f provisioning rates, I summed day 3 and day 6  data 
for a total of two hours o f observaGon per territory.
Several addiGonal predictor variables were considered in the design of the data 
collecGon or for controlling staGsGcally: time o f day, temperature, date, and brood size. 
Because I aimed to pool the two hours o f observaGon, time o f day was primarily controlled 
for by conducting all observaGons between 7:30 am and 11:30 am. The start time was noted
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in order to statisGcaliy control for this effect in separate analyses if  necessary. The start time 
for day 3 and day 6  observaGons was alternated between early (7:30 -  8:30) and late (9:30- 
10:30) where possible, so that cases would not be biased by time o f day. In addiGon, start 
times were balanced between social ranks and habitats where possible. Hourly temperature 
data were obtained Gom an Environment Canada weather staGon located at the Prince 
George airport (elevaGon 690m), -10.5 km east o f the study site and the importance o f daily 
differences in temperature was tested. The effect o f brood size could be assessed for a sub­
sample o f nests accessed after the provisioning trials were completed (n = 22). I controlled 
for date statistically by including this variable as a covariate in the main analysis of pooled 
data.
4.2.2 Male captures
During the breeding seasons of 2002 and 2003, males were caught at the nest cavity 
during the nestling period when nestlings were four to eight days old. Upon capture, males 
were weighed using a Pesola (Pesola AG, Baar, Switzerland) spring balance (to 0.1 g), and 
their tarsus length was measured with vernier calipers (to 0.1 mm). Furcular fat stores were 
scored Gom 0 to 5 aGer Gosier (1996). To measure hematocrit levels, a -  50 pi blood sample 
was drawn with a heperinized capillary tube Gom a puncture in the brachial vein and stored 
in a cooler unGl the sample could be processed later in the day. Blood samples were 
centrifuged for 11 minutes at 11, 500 rpm. Hematocrits were measured as the total packed 
cell volume (not including the huffy coat layer) divided by the total volume o f blood. Male 
body condiGon was estimated as the residuals Gom a regression o f body mass on tarsus 
length. For territories where I sampled both male body condiGon and provisioning rates (in
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2003), male captures always took place after male provisioning observations were 
completed. All captures and measurements were performed by the same person. All 
procedures were approved by the Animal Care and Use Committee o f the university in 
compliance with Canadian Council on Animal Care guidelines.
4.2.3
Two-factor analysis o f variance (ANOVA; Zar 1999) was used to assess the effects of 
habitat and rank on the male capture data. To control for continuous ‘nuisance’ variables that 
could impact male provisioning rates (e.g., date), I used analysis o f covariance (ANCOVA; 
Tabachnick and Fidell 2001). Because sample sizes were small, I avoided using complicated 
models with many covariates (Tabachnick and Fidell 2001); consequently, only one 
covariate was included in provisioning ANCOVA model. To select a covariate, I ran simple 
linear regressions and selected the covariate, which showed the most significant relationship 
with male provisioning rates. Type III sums of squares were used in all analyses (Tabachnick 
and Fidell 2001). All statistical procedures were run with Statistica 6.1 (StatSoft Inc 1998). 
Males that were included in more than one field season were treated as independent samples 
(n = 4 in the condition data set; n = 6  in the provisioning data set). I report means and the 
standard error o f the means, except for ANCOVA results, where adjusted means are shown.
4.3 Results
A two factor ANOVA suggested a weak tendency for dominant males to have larger tarsi 
than subordinate males (dominants: 19.1 mm ± 0.13; subordinates: 18.8 m m ± 0.13; ^ 1 ,3 0  = 
2.9, f  = 0.10), but there was no relationship between tarsus size and habitat type
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(Undisturbed: 19.0 mm ± 0.12; Disturbed: 18.9 mm ± 0.15; F i,3 i = 0.22, f  = 0.65).
Dominant males were significantly heavier than subordinates (dominants: 11.4 g ±  0.12; 
subordinates: 10.9 g ± 0.08; Fi, 31 = 13, F  = 0.001), but the absolute mass o f males in either 
habitat did not differ (Undisturbed: 11.2 g ±0.13; Disturbed: 11.1 g ±  0.10; F i,3 i = 0.035, F  
= 0.85). There was a significant relationship between mass and tarsus length (linear 
regression: F ] ,3 3  = 10, r^  = 0.23, F  = 0.003) and the residuals were saved for analysis. In a 
factorial ANOVA, there was no indication of a habitat-rank interaction on residual mass (P = 
0.28), so this term was dropped from the model. Residual mass (body condition) was 
significantly greater among dominant males compared with subordinates (F i,3o = 7.2, F  = 
0.012), but habitat did not contribute to variation in residual mass (Fi, 30 = 0.069, F  = 0.80; 
Figure 4.1a).
Hematocrit levels varied with habitat and rank (Figure 4. lb), and there was no 
evidence of a habitat-rank interaction (F= 0.85), which was removed from the model. The 
two-factor ANOVA showed that dominant males had larger hematocrits than subordinates 
(dominants: 0.51 ±  0.007; subordinates: 0.49 ± .006; F], 27 = 7.0, F  = 0.013), and males living 
in the Disturbed habitat tended to have larger hematocrits than their counterparts living in the 
Undisturbed habitat, although this result was not quite statistically significant (Undisturbed: 
0.49 ±  0.006; Disturbed: 0.51 ± 0.007; F i ,2 7  = 4.2, F  = 0.051). Furcular fat stores were low in 
all breeding males (ranging hom 0  to 1 ) and were not analysed.
55
4. Provisioning Benefits
0.6
0.4
3  
8 0 2
Ë 0.0  -TO
1  - 0.2 
g
-0.4 -
- 0.6
DisturbedUndisturbed
to
II
54
52
50
48
46
Undisturbed Disturbed
Figure 4.1 The effects of habitat on (a) residual mass and (b) hematocrits, of breeding 
dominant ( • )  and subordinate (o) male chickadees. Means (± SE) and sample sizes are 
shown.
During the observation periods, females spent a large portion of their time brooding 
(35 ±1.9  min/hour on day three and 25 ±  2.2 min/hour on day six). Among all trials, males 
made the majority (65%) of the total trips to the nest. Because many o f the trips made by 
females were not food delivery trips, the average male contribution is undoubtedly greater 
than 65% during the first six days o f nestling provisioning.
After combining the data &om three-day and six-day observations, the total number 
of male provisioning trips varied from six to 23 trips in two hours. The number o f 
provisioning trips was not significantly related to brood size (Linear Regression; F'l.io = 2.1, 
f' = 0.05, f  = 0.17), but there was a linear decrease in provisioning associated with date 
(Linear Regression; F ,, gg = 4.6, r^  = 0.12, f  = 0.039). To further investigate whether brood 
size was having considerable eSects on the provisioning rates, I first analysed the overall 
number o f provisioning trips made by males in relation to habitat and rank using a model that 
tested both factors o f interest (habitat and rank) while controlling for both covariates (date
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and brood size; n = 21). Brood size was not a significant predictor o f male provisioning in 
this model (Fi,i5 = 1.8, F  = 0.20), although date was (Fi js=  8.9, F  = 0.0053). I dropped 
brood size from the model, which allowed me to include the full sample o f males in an 
ANCOVA model controlling for date only (n = 37); conclusions were not altered by doing 
so. I checked for homogeneity o f regression by first including covariate-factor interaction 
terms. Interaction terms between the covariate (date) and either rank or habitat were not 
significant (both P > 0.7) and were dropped. In the final model, total number o f provisioning 
trips did not show a significant relationship with either habitat or rank, however there was a 
strong habitat-rank interaction (Table 4.1; Figure 4.2). The interaction showed a large effect 
of rank in the Disturbed habitat, where dominant males made more trips in two hours than 
subordinate males, whereas, there was no indication o f a rank effect in the Undisturbed 
habitat.
Table 4.1 Results from ANCOVA model controlling for date, showing the effect o f habitat 
and dominance on the number of male food deliveries in two hours of observation.
Source d.f. SS F F
Habitat 1 1 1 . 8 0.82 0.37
Rank 1 18.5 1.3 0.26
Habitat-rank 1 131 9.1 0.005
interaction
Date 1 129 8.9 0.005
Error 32 460
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I also considered analysing the provisioning data separately for day-three and day-six 
observations as this allowed me to control for two other potential covariates (temperature and 
time o f day), which I could not consider when data were pooled. Only one univariate 
regression signiGcantly predicted provisioning rate: time o f day on day 3 observations (Fi, 44 
= 5.3, r^  = 0.11, f  = 0.027). An ANCOVA model that controlled for time of day (n = 44) 
found signiGcantly lower values in day 3 food deliveries in the Disturbed habitat ( f  1 ,3 9  = 4.2, 
P  -  0.046) in addition to a significant habitat-rank interaction (F i,39= 5.7, P = 0.021). Like 
the previous analysis, the interaction term suggested a large rank effect in the Disturbed 
habitat due to low provisioning rates of subordinates.
Undisturbed Disturbed
Figure 4.2 Mean (± SE) number o f provisioning trips in 2 hours o f observation for dominant 
(#) and subordinate (o) males living in Undisturbed and Disturbed habitats after controlling 
for date. Sample sizes are noted.
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4.4 Discussion
It has been proposed that the energetic costs o f dominance may cause dominant males 
to perform poorly as social mates in locally poor environments (Qvamstrôm and Forsgren 
1998). Life-history theory predicts that low resource supply could impact either somatic or 
reproductive investments (Steams 1992); hence, if  dominant males make relatively poor
mates in poor environments, then this could occur through impacts to either their body 
condition or their ability to provision young. In this study, 1 found little evidence that habitat 
altered somatic investments, however, the provisioning benefit associated with social 
dominance was affected. In contrast to the predictions of Qvamstrôm and Forsgren (1998), 1 
found that dominant males offered relatively larger provisioning benefits in a locally poor 
habitat.
At the UNBC study site. Disturbed habitat is relatively poor compared to the 
Undisturbed habitat apparently due to a reduction in food availability (Chapter 5). If food 
supply is low, then males will have to work harder to find adequate food for self- 
maintenance and reproduction (God6ey 2003). 1 found that hematocrit levels were generally 
higher among dominant males, and, although not quite significant, among males living in the 
Disturbed habitat, with the effects o f habitat and rank being additive.
Hematocrits represent the oxygen-carrying capacity o f the blood, and larger 
hematocrit levels are thought to indicate higher workloads or faster metabolisms rather than 
overall condition. Hematocrits are poor indicators o f body condition in nestlings and adults 
(Dawson and Bortolotti 1997a, 1997b), however, they have often been found to be elevated 
in association with factors that increase metabolic workloads; for example birds species that 
are strong flyers may have elevated hematocrits compared with those that are week flyers
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(Carpenter 1975). Likewise, elevated hematocrits are associated with degree o f tail 
ornamentation thought to impede flight performance (Saino et al. 1997a, 1997b).
In the present study, I found evidence for both habitat and rank effects on hematocrit 
levels. Socially dominant males probably have raised hematocrits simply because they have 
higher metabolic rates; dominant individuals have larger oxygen consumption rates (Hogstad 
1987; Roskaft et al. 1986), which may lead to greater erythrocyte production. Dominant 
males may also have elevated hematocrits if  they have higher levels o f circulating androgens 
(Sturkie 1976). Importantly, I found that hematocrits also tended to be raised among all 
males breeding in the Disturbed habitat. Although, this result is not quite statistically 
significant, the magnitude o f the effect might be biologically important. Hematocrit values 
had a total range of 10%; hence the 2% difference seen between habitats is relatively large. 
Furthermore, this trend fits well with theories o f how energy expenditure relate to habitat 
quality. It is possible that elevated hematocrits indicate a greater workload incurred through 
reduced foraging efficiency in the Disturbed habitat; males need to work harder to find 
adequate amounts o f food (Steams 1992). Previous work has shown an association between 
habitat and hematocrit (Ots et al. 1988), however habitat-hematocrit associations are 
generally elusive in the scientific literature (Dawson and Bortolotti 1997a and references 
therein). The direction o f the potential habitat-hematocrit association detected in this study is 
consistent with the idea that daily energy expenditure can be used to index habitat quality 
(God&ey 2003).
Individuals with poor access to resources should be less able to simultaneously invest 
in both self-maintenance and reproduction; as such, I expected a reduction in body condition 
and/or provisioning effort among birds hving in the Disturbed habitat. Previous work has
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suggested that birds opt to reduce reproductive investments when energy budgets are strained 
(Spencer and Bryant 2002). I found large effects o f  social status on body condition o f  
breeding males (with higher condition associated with higher rank), but there was httle 
indication that body condition was affected by habitat quahty. This suggests that males hving 
in the Disturbed habitat are still maintaining relatively normal levels o f self-maintenance 
even though they may be working harder to find food. In contrast to body condition, I found 
evidence that investments into reproduction are reduced in the Disturbed habitat. The 
reduction in provisioning associated with habitat quality was not dramatic, however, because 
dominant males in the Disturbed habitat managed to maintain adequate provisioning rates. 
Nonetheless, this study supports the general idea that reproductive investments are reduced 
in order to maintain adequate somatic investments (Spencer and Bryant 2001).
The primary issue that I intended to resolve in this study was to distinguish between 
two contrasting hypotheses concerning the phenotypic quality o f dominant males in good and 
poor environments. Dominant males have raised metabolic rates (Hogstad 1987; Roskraft et 
al. 1986), which may make their cost o f self-maintenance relatively high (e.g.. Swaddle and 
Witter 1994). My data are consistent with the idea that dominants have raised energy 
expenditures because they had elevated hematocrits compared with subordinates. Because 
dominance comes with the cost o f increased energy demands, it has been suggested that 
dominants may make poor mates in unfavourable environments (Qvamstrôm and Forsgren 
1998). Alternately, dominant males may be better able to buffer the effects o f habitat quality 
in the breeding season as they have access to the best resources within an environment (e.g., 
Carascal et al. 1998).
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In this study, I found no evidence that dominants were handicapped in a poor 
environment because they maintained adequate body condition, and still provisioned at high 
rates. Contrary to the idea dominants are poor mates in low-quality environments 
(Qvamstrôm and Forsgren 1998), I found that provisioning benefits associated with mating 
with a dominant male were proportionately greater in the relatively poor Disturbed habitat. It 
is possible, but unlikely, that using food delivery rate as an index of male provisioning is 
flawed, because I could not control for the amount of food delivered by males in each visit to 
the nest. In another songbird species, the house finch (Carpodacus mexicanus), food delivery 
rates are known to be predictive of total prey biomass delivered (Nolan et al. 2001). 
Furthermore, the validity of these results is reinforced by the fact that these results parallel 
findings in another study from this banded population, which compared levels o f nesting 
success among dominant and subordinate pairs living in either habitat (Fort and Otter in 
press). In that study, nest abandonment was the leading cause o f nest failure, and was 
particularly common among subordinate males in the Disturbed habitat, leading to a large 
rank effect in the Disturbed habitat (Fort and Otter in press). The similarity between these 
results suggest that subordinate males suffer disproportionate losses to their reproductive 
success in the Disturbed habitat.
Although I found no indication that dominant males suffered low body condition in 
the Disturbed habitat, it is possible that they show greater sensitivity to habitat quality at 
other times o f the year. Why, and especially when, metabolic rates differ most between 
dominants and subordinates is poorly understood. Not surprisingly, metabolic rate has been 
experimentally linked to levels o f testosterone (Buchanan et al. 2001). If larger testosterone 
titre is the primarily reason why dominant males have raised metabolic rates, it is likely that
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this cost is minimal (although still present hased on my hematocrit results) during the 
nestling period when testosterone levels are close to baseline (Foerster et al. 2002). In this 
case, greater impacts o f habitat quality on dominant male energy budgets would exist earlier 
in the year during the period o f intense sexual advertisement, territory establishment and 
courtship feeding, when testosterone titres are elevated to maximal levels. At this time of 
year, costs to females may include a low level of mate provisioning during the laying period 
or an increased chance o f being widowed (Qvamstrôm and Forsgren 1998). I found evidence 
that dominants are at a disadvantage during early stages of reproduction because dominant 
males advertised in the dawn chorus at unusually low levels in the Disturbed habitat, 
compared with subordinate males who were apparently unaffected by habitat quality 
(Chapter 3). I do not know if  courtship-provisioning effort is reduced at this time of year, 
although preliminary studies show that females in the Disturbed habitat have higher food 
solicitation call rates (H.v.O. and K.A. Otter unpublished data), which has been associated 
with increased hunger levels in other species (Tobias and Sneddon 2002).
I conclude that dominant males can provide greater provisioning benefits than 
subordinates in poor environments while still maintaining adequate levels o f somatic 
investment during the nestling period. With chickadees, the dominant phenotype is sexually 
selected (Otter and Ratcliffe 1996; Otter et al. 1998), and appears to be superior in other 
facets of phenotypic quality (Otter et al. 1997; Otter et al. 1999). The provisioning pattern 
found in this study is very similar to the patterns found for reproductive success (Fort and 
Otter in press) and taken together, these studies strongly suggest that the dominant phenotype 
will be particularly favoured in locally poor habitats where competitive phenotypes gain a 
larger relative advantage in the breeding season. I suggest that future studies assessing
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habitat-related costs associated with social dominance should target the early spring when 
testosterone levels are elevated, and food is still scarce.
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Habitat heterogeneity can lead to regional differences in reproductive performance 
within populations. Previous research has demonstrated that the breeding performance of
chickadees in this banded population was affected by the habitat in which they bred, with 
high rates o f nest abandonment observed in the Disturbed habitat (Fort and Otter in press). 
Low food abundance in the Disturbed habitat was thought to be responsible for this pattern. 
All results produced by the present research are consistent with the hypothesis that 
nutritional resources are lacking in the Disturbed habitat compared with the Undisturbed 
habitat: (1) in winter, chickadees living in the Disturbed site carried larger fat stores (Chapter
2), a strategy that Farids and other bird species use when food availability is perceived to be 
less certain (Ekman and Lilliendahl 1993; Bednekoff and Krebs 1995; Witter and Swaddle 
1995; Gosier 1996); (2) chickadees in the Disturbed habitat generally had reduced song 
output in the dawn chorus (Chapter 3) as expected when habitats are lacking in food 
abundance (Hill 1995; McGregor et al. 2000); (3) hematocrits were generally elevated in 
breeding males in the Disturbed habitat (Chapter 4), which matches predictions o f increased 
daily energy expenditures being elevated in resource-poor environments (Godùey 2003); 
and, (4) levels o f paternal care tended to be reduced among subordinate males in the 
Disturbed habitat (Chapter 4), which also indicates low food resources (e.g., Zanette et al.
2001). Further evidence for the apparent lack o f food in Disturbed habitat was demonstrated 
by a study that found differences in feeder-use during winter (Appendix 1), and another 
which found differences in the begging demands o f females in either habitat (H.v.O. and
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K.A. Otter unpublished data). Together, these observations consistently suggest that food 
abundance is greater in the Undisturbed habitat compared with the Disturbed habitat.
5.1 Habitat distribution
Before addressing the impact o f habitat on chickadees, it was necessary to investigate 
habitat settlement during natal dispersal to determine whether chickadees with high-quality
phenotypes are more likely to settle in favourable habitats as predicted by the ideal despotic 
distribution (Fretwell and Lucas 1970), making inferences about habitat impacts more 
complex. Previous attempts to unravel this issue in Farids have been inconclusive (Lemel 
1989) and habitat selection during natal dispersal is poorly understood. I examined this issue 
by determining whether recruitment into either habitat depended on natal nutrition, a measure 
of pre-settlement quality (Chapter 2).
I found evidence for assortative habitat distributions among female but not male 
recruits, which is consistent with the sex-differences in dispersal behaviour previously 
described in Parids (Greenwood et al. 1979; Nilsson 1989). Regardless o f the mechanism, the 
Gndings in Chapter 2 suggest that there is no difference in the pre-settlement quality o f males 
settling in either habitat; consequently any differences in hfe-history traits appear to be 
caused by habitats /?ojt-settlement.
These results raise one potential complication with regards to the impacts o f habitat 
on male behaviour. Females settled in the Disturbed habitat may provide poor maternal care 
because they are o f lower quality. Therefore, males in the Disturbed habitat may have to 
compensate for low levels o f  maternal contribution, which could potentially explain some o f  
the resulting impacts o f habitat quality seen in males during the breeding season.
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Consequently, low quality females essentially add to the difference in 'resources' available 
in either habitat, thereby amplifying difference in 'habitat' quality.
5.2 Life history investments in iocaiiy poor habitats
Males that settle in a poor habitat may 6nd themselves faced with challenges and be 
forced to make selective compensations in their life history investments. It is unlikely that
males in resource-poor habitats simply reduce all life-history traits in a parallel fashion 
(Steams 1992); rather, resources are probably shunted towards prioritised investments at the 
expense of competing investments (e.g., Spencer and Bryant 2002). As such, the impacts of 
reduced resource availability are likely to result in diminished investments in low-priority 
life-history traits in order to maintain adequate investments in high-priority traits.
Somatic investments are probably prioritised over reproductive investments in 
songbirds (e.g., Spencer and Bryant 2002) because higher body condition helps assure future 
survival, and therefore fitness (e.g., Takaki et al. 2001). No impacts o f local habitat quality 
were detected on the body condition o f chickadees in winter or during the late breeding 
season. In contrast to somatic traits, differences were seen in reproductive investments; for 
example in levels o f sexual advertisement and paternal care (Chapters 3 and 4). The 
combined results in this thesis generally support the idea that somatic investments are 
prioritised over reproductive investments in breeding songbirds.
To best understand how investments are prioritised, comparisons should be made on 
multiple traits during the same time period (e.g., Chapter 4). Unfortunately, conq)arisons o f  
the impacts of habitat to multiple life-history traits during the fertile period could not be 
made in this thesis (Chapter 3) when some o f the most interesting tradeoffs may exist. The
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fertile period may be one o f the most energetically stressful periods for males. At this time of 
year, chickadees are only just beginning to enjoy greater food abundance after a winter o f  
limited food supply. Concurrently, male chickadees are subjected to a number o f new 
stressors to their energy budgets including (1) territory acquisition and defence, (2) nest 
excavation, (3) providing laying females with food, (4) maximal testosterone titres, and (5) 
sexual advertisement. Hence male chickadees allocate resources to several life-history traits 
at this time. I found that males reduced costly sexual advertisement in the Disturbed habitat, 
suggesting the levels o f advertisement are sensitive to habitat quality. How other investments 
are impacted at this time remains unknown, as logistic constraints prevented catching 
sufficient males during this time period in a manner that would not influence somatic 
measurements (e.g., catching without the use o f supplemental feeding -  cage traps - or 
inducing elevated metabolism -  mistnetting via playback). An experimental study of life 
history trade-offs at this time o f year would promise to be especially interesting as males 
must balance somatic investments against investments to within-pair reproduction and 
among-pair sexual advertisement.
5.3 Habitat-rank interactions
In their review o f costs associated with being mated to dominant males, Qvamstrom 
and Forsgren (1998) pointed out that dominant males have raised metabolic rates, which 
potentially disadvantages them in poor habitats by reducing their survivorship. Essentially, 
this idea predicts a habitat-rank interaction in phenotypic quality whereby the quality of 
dominant males is relatively high in typical habitats, and relatively low in poor habitats. 
Although these authors specifically predicted that raised energy budgets would affect
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survivorship, it is reasonable to suggest that impacts could be seen in other life history 
investments, including parental care or sexual advertisement, if  these traits are differentially 
lowered to preserve somatic investment necessary for survival.
I did not specifically assess whether or not dominant males suffer reduced 
survivorship in the Disturbed habitat; however, incidental observations suggest that they do 
not. Only four dominant males disappeared during the breeding season in the course o f this 
thesis fieldwork: two in Disturbed, and two in Undisturbed habitats (H.v.O. unpublished 
data). Although these observations are few, they illustrate that the risk o f starvation of 
dominant males is low, and therefore not overly important. Furthermore, no evidence was 
uncovered to suggest that dominants are sacrificing somatic investments in this habitat 
(discussed above). This suggests that there is no reason to suspect that dominant males risk 
either immediate starvation or future survivorship. Instead, they seem to reduce reproductive 
investments (extra-pair advertisement) when resources are limited. Even if females mated to 
dominant males are widowed, they have the best chances o f rapidly acquiring replacement 
mates from subordinates when their mates are lost during the fertile period (Otter and 
Ratchffe 1996; H.v.O personal observation). Consequently, the habitat-rank interaction 
implied by Qvamstrom and Forsgren (1998) is more likely to occur in reproductive 
investments, which are likely to be o f consequence to females.
Habitat impacts on two costly reproductive investments were assessed: sexual 
advertisement and paternal care. As expected, I found habitat-rank interactions in both o f  
these traits, but the nature o f  these interactions were very different. In the study of sexual 
advertisement (Chapter 3), dominant males were more sensitive to local habitat quality than 
subordinates. Dominants had relatively high levels o f advertisement in the Undisturbed
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habitat and relatively low levels o f advertisement in the Disturbed habitat. This pattern fits 
nicely with predictions o f Qvamstrom and Forsgren (1998). In contrast, the study o f paternal 
care (Chapter 4) found that later in the breeding season, subordinates were more sensitive to 
habitat quality, with dominant males providing relatively greater provisioning benefits in the 
Disturbed habitat. These latter results paralleled another study showing a similar pattern in 
nesting success in the same study population (Fort and Otter in press), which suggests a link 
between male quality and reproductive success.
The opposing nature of these findings could be explained by several hypotheses (see 
Chapter 3), including seasonal changes to energy budgets. In terms of energy budgets, these 
findings suggest that the absolute resource benefit attained by dominant males fluctuates 
seasonally. As such, the energetic profit of dominance may be insufficient to overcome the 
energetic costs o f dominance in the Disturbed habitat in early spring. Later in the season, the 
resource benefit attained by dominant males grows as food abundance increases, possibly 
resulting from delayed differences in territory quality. Alternate explanations outlined in 
Chapter 3 could also explain why dominant males show such large sensitivity to habitat 
quality in their level o f advertisement. Because o f  the puzzling nature o f these findings, these 
hypotheses warrant study. Regardless of the mechanism, these results suggest that the 
reliabihty of condition-dependent signals may diminish in locally poor habitats.
A potential consequence o f the lost reliability o f advertisement signals in the 
Disturbed habitat could be maladaptive mate choice decisions. Dominant males normally 
have low levels o f  extra-pair young in their own nests (Otter et al. 1998). By dropping their 
level o f sexual advertisement to minimal levels, dominant males living in the Disturbed 
habitat may lose their assurance o f paternity. Females in this species regularly seek extra-pair
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copulations (Smith 1988), but the assurance of paternity held by dominants (Otter et al.
1998) is subject to change when vocal signals are manipulated (Mennill et al. 2002). 
Therefore, because the dawn chorus is thought to be the forum when females compare male 
quality (Otter and Ratcliffe 1993), I suspect that local habitat heterogeneity may have 
impacts on mate choice. Females mated to dominant males may second-guess the quality of 
their mates and seek extra-pair copulations. Alternately, if  females detect that signals are 
unreliable, they may stop seeking extra-pair copulations altogether as they can no longer 
reliably compare males. The impact o f habitat quality on extra-pair behaviours awaits 
assessment.
To conclude, the findings o f this thesis demonstrate that local habitat heterogeneity 
can affect state-dependent life history investments. Only reproductive investments appeared 
to be reduced in the relatively poor local habitats, while somatic investments were 
maintained at normal levels. Interestingly, males from different social ranks appeared to 
make these reproductive adjustments in different traits. Dominant males reduced costly 
sexual advertisement, while subordinate males reduced parental effort. Therefore, dominant 
males potentially stand to lose their assurance o f paternity, while subordinate males may 
have low offspring survivorship. Future work should investigate whether these findings 
result from seasonal rank-dependent diSerences in energetic states, or whether they reflect 
different strategies used by dominant and subordinate males.
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APPENDIX 1: HABITAT-DEPENDENT FEEDER USE BY MALES -  PRELIMINARY
RESULTS
If food availability differs between Disturbed and Undisturbed habitats, then 
chickadees living in these habitats may respond differently to artificial food sources. 
Specifically, birds within locally poor habitats may more readily utilize a novel food source 
than do birds in good quality habitats. In this study, I compared how male chickadees 
respond to feeders in new locations.
Methods. Habitats were sampled in a balanced manner during the winter of 2003, with the 
intent o f sampling most individuals within the study site. Multiple trials were made along 
survey routes. All regions o f the study site were sampled (i.e., most territories from previous 
breeding season), however, trials were never closer than 1 0 0  m from edges bordering each 
habitat. All trials took place on calm days without precipitation. At each station, a feeder was 
suspended from a branch (3 to 4 m above the ground) in a highly visible location allowing 
easy viewing by the observer and by birds. Observers were positioned at least 10 m away so 
that their presence did not interfere with feeder use. The feeder was a hanging bottle-type 
feeder equipped with a plastic collar to prevent access to the seed tray horn all sides with the 
exception of a single entrance location where seeds could be accessed. Whole black-oil 
sunflower seeds were used. Once the feeder was in place, I broadcast playbacks o f  
'chickadee' call recordings to attract any nearby flock to the feeder. Trials were occasionally 
unsuccessful as chickadees were not attracted by the call playback. Call playbacks were 
ceased when a flock flew in to the feeder area.
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Chickadees do not eat seeds at feeders, but instead remove a single seed to peck at the 
shell in a protected location. Successful trials began when the first seed was withdrawn &om 
the feeder by a chickadee and lasted for the following ten minutes. All members o f the flock 
were identiGed by coloured leg bands, and it was assumed that all members o f the flock were 
aware of the feeder, even if  they did not use it. The number o f seeds taken by each individual 
was noted during the trial by recording voice notes into a tape recorder. Only the first 
observation period witnessed for an individual male was included in the analysis (total n = 5 8  
males: 15 from Disturbed, 43 from Undisturbed).
Results and Discussion. The number o f seeds taken by males during their first trial was 
greater in Disturbed habitat (ANOVA: Fi, 56 = 17.3, P  = 0.0001), however, there were also 
fewer total numbers o f birds in trials in this habitat (ANOVA: F i ,  55 = 28.3, P < 0.0001). 
There was a negative relationship between the group size and the number of seeds taken 
(linear regression: r^  = 0.10, F\^  56 = 7.3, P  = 0.009). When group size was controlled for 
statistically, males in the Disturbed habitat still took more seeds than those in Undisturbed 
habitat (ANCOVA: F i,5s = 9.1, F  = 0.004. Figure ATI).
Previously a difference in feeder-use associated with food abundance has been 
documented (Carascal et al. 1998). Likewise, my preliminary results show that males living 
in the Disturbed habitat make greater use artificial food supplies. The direction of change in 
feeder-use seen among habitats is consistent with the direction o f changes associated with 
habitat seen in fattening strategies (Chapter 2), and song rate (Chapter 4), both o f which are 
known to vary with food abundance. The present finding suggests that food is less available, 
or o f lower quality in the Disturbed site.
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Figure A 1.1 The effect o f habitat on the average number o f seeds taken by male chickadees 
during the first ten minutes after a flock discovers a new feeder. Mean number of seeds taken 
(± SE.) are shown after controlling for flock size. Samples sizes are shown.
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